Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



ELEMENTARY 



Geology or Tennessee. 



W. G. McADOO, A. M , 

and Prof. H. C. WHITE. 






AMERICAN BOOK COMPANY, 

t York ■;■ Cincinnati •:■ Chicago 



I 



The Branner Geological Library 




UUND-SCaiCOIIOdVinOEI-TNIVEIISnT 



f, K. Y 



A,V' 



tot 



V 




GDUnr 




®^&''«m¥ o 


IP 


' if: 






: 


'a 




O^^^ 




(I 


o C 


\"i^^| 


'= 






J \ ^%:- 


" 


]l 






1- 


[O 




■\jv>\^^SPSb^ 






p 


\^^^T?SS 


; 


^ 


l- 




^ 


i P 




1 \ j7| T |j^ " 








^gjK]j-4-;gy ^^ 


/7 


^.^ 




ST°*r" 


f ■ 


'° 


tl 


/ S 'NOIH. 








=^^il? 


/^ 


.'" 




rni'^ 






/ , 


X?"l i 


- 


\ - 




'""'S.^, * ■; 


S,- 




i» 


" '■'■"^'i^^^^4j ° 


\ ■ . 




<c-'^c 



r.r ./. .. 



ELEMENTARY 



GEOLOGY OF TENNESSEE. 

FOR THE 

USE OF THE PUBLIC SCHOOLS 

AND 

OTPIER INSTITUTIONS OP LEARNING. 



By W. G. McADOO, A. M., 

University of Tennessee, 



AND 



H. C. WHITE, 

Professor of Chemistry and Geology in the University of Georgia. 



- ■" J* ■> .•' ^ J ■* * 

. s - - ♦' 



NEW YORK • : • CINCINNATI : CHICAGO 

AMERICAN BOOK C O M P A X Y. 

FROM THE PRESS OF 

D. APPLETON & COMPANY. 



COPYRIOnr BT 

W . G. M e A D O O 

1881. 

S09209 






• • 






> • • • « 

• • • «. 



• • • 

■ « 



o 






Department of Public Instruction, 

Office of the Stale SuperirUendentf 

Nashville, Tenn., June 23, 1875. 

I have carefully read and examined the ElemerUary 
Geology of Tennessee, by W. G. McAdoo and H. C. 
White, and find it to be an admirable compilation of 
the principles and facts contained in the works on 
that subject, and well adapted to instruction in Com- 
mon Schools, thus supplying a need long felt, and 
which was recognized by our public school law as 
necessary to be provided for. 

Respectfully, 

Leon. Trousdale, 

Slate Superintendent of Public Inetruetum, 



Toronto, July 10, ISSO. 

Having carefully examined this little work, I can 
state, most conscientiously, tliat I regard it as admira- 
bly adapted to serve as a text-book in the Public 
Schools of the State of Tennessee. Its subject-matter 
is very judiciously condensed, and clearly put together. 
Jt meets, I think, its intended purpose completely, 
while avoiding unnecessary details. 

E. J. Cn^vjPALA.N, Pn. D., 

Professor of Mincrcdogy and Geology 

in University CoUcgCy TorontOy Canada. 
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NOTE. 

As a means of inspiring in pupils and teachers a zealous and 
profitable interest in the study of geology, collections of geologi- 
cal and mineralogical specimens should, wherever practicable, 
be made by pupils, teachers, school-directors, and county super- 
intendents. Nature has bountifully scattered many of these 
specimens over far the greater portion of the State of Tennes- 
see. But where the adoption of this suggestion is impracticable 
or inconvenient, collections, having each specimen carefully 
labeled with its proper name, can be purchased from parties 
engaged in the business, for sums ranging from three dollars 
upward. To persons using this little book, the author will un- 
dertake to ascertain and give the name and direction of parties 
prepared to supply such collections. Such collections would bo 
far more effective in imparting instruction than the best picto- 
rial illastrations. 
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INTRODUCTION. 

1. In studying the Geology of Tennessee, we study 
the surface of the State, in relation to the rocks of 
which it is made. 

2. By the word rock is meant, not only the solid 
masses usually known as rocik^^ but also any rock- 
material whatever, as loose earth, soil, sand, clay and 
gravel. 

3. There are several ways in which we may conduct 
the study of the rocks in order to obtain from them 
interesting and valuable information. 

(a.) In looking out over the surface of the State 
we observe that it does not exhibit one level plain, 
but that it comprises elevations and depressions, con- 
stituting mountains and valleys, hills and plains, high- 
lands and lowlands, ridges, bluffs and watercourses 

1. What do we study in the Greology of Tennessee ? 2. What is 
a rock? 3. (a) What features are presented by the surface of the 
State? 
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The arrangem^'ot the rocks that gives to the face 
of the country this changeful shape is a very interest- 
ing and important part of the study of them. 

(6.) Iff we -examine into the character of the rocks 
themselves', or the materials of which they are made, 
we find they are not all alike, but differ very much in 
ang^ance, and other properties. The study of the 
rl^jljhife and composition of the different rocks is a very 
VH£j5essary branch of Geology. 
://. "- (c.) We find, also, that they differ very much from 
'^ ' each other in the manner in which they have been 
formed, or built up. Thus, in a railroad cut, we 
often see rocks in the form of beds, lying one above 
the other. In other places we find masses of rock, 
disconnected from all others, without any regular 
form. Again, there is much difference in the consti- 
tution of a bed of thin slate and a mass of compact 
marble. The structure of the rocks is therefore an 
important point to be considered in studying them. 

(d.) Acquainted with the present position, the com- 
position, and the structure of the rocks, we can study 
them to discover whether the surface of the State has 
always been as we now find it; or whether it has, in 
the course of ages past, undergone changes before 
attaining its present character. In other words, we 

(3. 6.) Are the rocks all alike? How do they differ? (3. c.) Are 
all rocks formed or built up alike ? Explain some of these differ- 
ences. (3. d.) Has the surface of the State been changing or per- 
manent? 
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can study the history in point of time of the forvia-- 
tions and the transformations of the rocks. 

{e) And knowing the character of these changes, 
we can search out the causes that gave rise to them, 
and the nature of the agencies that brought them 
about. 

4. To become acquainted with the Geology of the 
State, we must study the rocks under these different 
aspects. 

(3. c) What do we learn from studying these changes? (4.) 
What must we do to understand the Geology of Tennessee? 
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CHAPTER I. 

A JOURNEY ACROSS THE STATE — ITS PHYSICAL 

FEATURES. 

1. We will now examine the positions and arrange- 
ments of the rocks that make up the surface of the 
State, and which give to it what are called its physical 
featureSy or its surface-shape and appearance. 

2. On referring to the map, we observe that the 
State of Tennessee, as defined by its boundary lines, 
has an oblong' form, lying between the parallels of 
latitude 35® and 36° 41' north, and extending from 
the Mississippi River directly eastward, to a line lying 
along a ridge of the Alleghany Mountains, which 
divides it from North Carolina. 

3. Its length, from the Mississippi River to the 
Mountains, is about three hundred and eighty-five 

What is the subject of Chapter I? 1. What shall we first 
examine into? 2. Describe the geographical position of Ten- 
nessee. 3. What are the dimensions of the State? 
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whatever, whether solidified and massive or not. 
Although the entire mass of the earth is made up 
of such rocks, in one form or another, we cannot 
examine and study them all. We are limited in our 
inspections and study, at this period of geological 
knowledge, to those rocks which lie within fifleen or 
sixteen miles of the surface. With these, we can, in 
various ways, become well acquainted. The small 
portion of the earth's mass encircling tlie earth, like 
the outer shell of an onion, is called the a*ust of the 
earth. 

Let us, in the first place, study the constitution of 
the rocks, or the materials of which they are made. 

An examination of the rocks presents an almost 
infinite variety in appearance, and very great diversity 
in other properties, such as hardness, weight, etc. 
Notwithstanding this great variety, a very few simple 
mineral substances — either alone, or combined together 
in different ways — suffice to make up all rocks. 

The chief of these substances are — Silica, Alumina, 
Lime, Magnesia, Potash, and Soda. Flint is a form 
of Silica, and clay consists largely of Alumina. 

I. Silica, Silica is composed of two elementary 
substances, joined together in chemical combination — 
a non-metallic substance rarely obtained in the free 



investigate now ? Can we acquaint ourselves with these ? What is 
meant by the crust of the earth ? How do rocks vary ? Are they 
composed of few or many simple substances ? Mention the names 
of the principal substances. I. Of wliat is Silica composed? 
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state, called Silicon and Oxygen gas, the great life- 
supporting constituent of the atmosphere. It is 
known by a number of other names, the principal 
of which are Quartz and Silex. It occurs in nature in 
a free, uncombined condition, forming a number of 
interesting and important minerals and rocks. It also 
occurs combined with other substances, constituting 
the important class of minerals called silicates. Alto- 
gether, it is very abundant, and comprises little less 
than one-half the earth's entire crust. The leading 
property of Silica in the form of quartz is its hardness. 
It scratches glass with ease, strikes fire with steel, and 
cannot be cut with a knife. When struck with a 
hammer, it exhibits brittleness, and breaks into irreg- 
ular fragments with a glassy appearance. It is un- 
affected by ordinary acids, and melts only with an 
intense heat. These refractory properties fit it for the 
important part it bears in the formation of the rocks. 
In various forms, and under many names, it is 
polished, and is worn as gems in jewelry. Free or 
uncombined Silica is known under a variety of names. 

Quartz is a general term, embracing all the varieties 
which follow. It frequently occurs in crystals of the 
form shown in the figure. 

Which is the life-eupporting principle ? By what other n^mes is 
Silica known? How is it found in nature? What proportion of 
the earth's surface does it constitute? What is its most distin- 
guishing property ? Mention its characteristic peculiarities. For 
what do these properties fit it ? In what form does Qimrtz fre- 
quently occur? Is it worn as jewelry? What does the illustration 
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miles, and its breadth, between the parallels men- 
tioned, is about one hundred and nine miles; it is 
therefore more than three times as long as it is wide. 
It comprises an area of about forty-two thousand 
square miles. 

4. Let us travel across it in the direction of its 
greatest length, and note the leading features of its 
different portions. 

5. Starting from the bank of the Mississippi River, 
we find ourselves in the midst of a low, flat region, 
that is a part of the great valley-plain of this river, 
and known as the *^ Mississippi Bottom.^' This plain 
is from thirty to forty-five miles wide, and through it 
the Mississippi River runs, dividing it into two por- 
tions, one of which (the western) belongs to Arkansas, 
and the other to Tennessee. The mean elevation 
of this plain above the sea-level is about two hundred 
and fifty-five feet, and its average width from the 
river to its eastern limit is about ten miles. 

6. Crossing this low plain in our eastward journey, 
we are confronted by a line of steep slopes, which rise 
abruptly to a height of from fifty to one hundred and 
eighty feet, and which have received the name of the 
"Mississippi Bluffs.^' Ascending these, we find that 
they constitute the western " fringe '^ or border of a 



4. What direction shall we travel across tlie State? What 
shall we note? 6. What is the "Mississippi Bottom'*? How 
manj portions does it comprise, and what are they? What is its 
average width and elevation above the sea-level? 6. Traveling 
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region of highland which extends eastward to a dis- 
tance of about eighty-four miles, and which is called 
the " Plateau of West Tennessee." This is the second 
prominent physical feature of the State. Its mean 
height above the sea-level is about four hundred and 
fifty feet. We find as we traverse it, that it consti- 
tutes in reality a gentle slope, ascending gradually and 
continuously, from a level of about three hundred 
and seventy-five feet at the Blufifs, to that of six 
hundred and twenty-five feet at its eastern limit. 
This eastern limit we find to be a line of rough ridges 
or highlands, elevated to a slight and variable degree 
above the surface of the slope just described, and 
overlooking to the east a narrow belt of lowland, or 
valley, through which runs, in a northerly direction, 
the Tennessee River. 

7. Into this valley we descend very abruptly and 
by a steep decline, to find the third general physical 
feature of the State, called the " Western Valley," or 
the valley of the Tennessee River. This valley has 
a mean width of only ten or eleven miles, and through 
it runs the Tennessee River. The average height of 
this valley above the sea-level is about three hundred 
and seventy-five feet, and its depth below the high- 



eastwardly, what do we next find ? What is the breadth of this 
highland region ? What is it called ? What is its elevation above 
the level of the sea ? In what direction does it incline ? What are 
its eastern and western elevations? What constitutes its easterv 
border? 7. What is the third general physical feature of the 
State? How broad is the Tennessee River Valley? State its 
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Cumberland River, entering and leaving the Basin, 
the valley of Elk River, and the gorge of Duck 
River. These rivers drain the Basin, and also, in 
great part, the surrounding highlands. The tributaries 
from the latter frequently fall abruptly into the Basin 
over high cliffs, producing, in many cases, beautiful 
waterfalls. The surface of the Basin is uniformly 
rolling, frequently intersected with water-courses of 
greater or less size. The soil is extremely fertile, and 
this section constitutes one of the finest divisions 
of the State. 

The area comprised in it is about five thousand four 
hundred and fifty square miles. 

VI. Tlie Cumberland Table-land, — This great divis- 
ion is comparatively simple in character. Its eastern 
border is regular and even, presenting a gracefully 
curving outline. The western border, however, is 
very ragged, and projects numerous ridges into the 
Rim beyond, and many deep indentations into the 
Table-land itself. These indentations in no place cut 
entirely through the Table-land. Both borders are 
capped with sharp, precipitous, and frequently over- 
hanging, masses of rock. The surface of this high 
region is flat and regular, though it is often crossed 
by low ridges and shallow valleys, with small streams. 

What do these four outlets drain? What is said of waterfalls? 
How is the surface of the basin described ? What is the character 
of the soil? What the area? VI. Describe t)ie Cumberland Table- 
land. Do any indentations cut entirely throua:h it? How are the 
borders capped? Describe the surface of this Table -land. 
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Numerous outlying ridges and isolated mountains are 
here found ; and crowning the eastern border of the 
Table-land rises Cumberland Mountain. This belt of 
high land crosses the State in a north-east and south- 
west direction, and extends beyond its borders in both 
directions. The soil of the Table-land is less fertile 
than that of the Central Basin. It embraces within 
the State an area of five thousand one hundred square 
miles. 

VII. The Valley of East Tennessee. — This name is 
applied to the great trough or depression between the 
Cumberland Mountain and the Unaka Mountain- 
chain, through the centre of ^vhich the Tennessee 
River takes its course, in a south-westerly direction, 
soon after its rise in the mountains of Virginia. 
Running obliquely across the State, this section con- 
sists of a number of alternate elevations and depres- 
sions, of greater or less extent, and of diversified 
appearance. The eastern portion of the Valley is 
made up of a great number of ridges — large and 
small — running generally parallel to each other, and 
in some cases, extending great distances in length. 
Between, and among these lines of ridges, are numer- 
ous small valleys and glens, giving to the general 
surface an appearance of great diversity. The western 

What other features belong to this division ? Give an example. In 
what direction does this belt cross the State? Is it fertile? State its 
area. VII. What is the Valley of East Tennessee f Of what does this 
section consist? Wliat is said of the eastern part of this valley? 
What are found among the lines of ridges? What is the character 
2 
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side of this great Valley is of a diflPerent character, 
being free from ridges, less abruptly rolling in its 
approaches to the steep cliffs of the Table-land. The 
Sequatchie Valley cutting into the Table-land on its 
eastern side, belongs properly to this division. 

Numerous streams channel the surface, following in 
their course the general trend of the valley, and 
tributary generally to the Tennessee River. Some of 
the most important rivers of the State have their 
channels in this section. The Valley passes beyond 
the borders of the State on both sides. The area of 
the State included within it, is about nine thousand 
two hundred square miles. 

VIII. The Unaka Chain. — This division comprises 
the main mountain region of the State. The chain, 
as already stated, consists of a number (varying from 
two to four within the limits of Tennessee) of parallel 
ridges, more or less broken in their extent, but 
generally continuous, running in a winding course 
across the eastern border of the State, a distance of 
two hundred miles, and extending beyond it into 
Virginia and Georgia. Along the crest of the highest 
ridge is located the State line, dividing Tennessee 
from North Carolina. This chain is a portion of the 

of the western nlde of this valley ? To what division does Sequatchie 
Valley belong ? ^Vhat is said of the streams ? To what are they gener- 
ally tributary? Does this Valley extend beyond Tennessee? What is 
its area? VIII. What does the Unaka Mountain chain comprise? 
Describe it What distance does it extend along the border of 
Tennessee? Where is the State line located? What does it divide? 
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Alleghany Mountains. It is decidedly mountainous 
in character — ^high, rugged and bold, with broad or 
narrow valleys between the ridges and spurs, with 
numerous peaks, lofty summits, roaring torrents and 
cascades, forming altogether the wildest and grandest 
natural feature of the State. It is cut in numerous 
points by deep, rocky gorges, that form the beds of 
mountain streams, rushing down as tributaries to th« 
rivers in the great Valley below. 

It embraces an area of the State, in all about two 
thousand five hundred square miles. 
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CHAPTER III. 

THE CONSTITUTION OF THE ROCKS. 

We proceed now to examine into the constitution 
and nature of the different rocks, which, grouped 
together and arranged in a variety of ways, give 
to the surface of the State its physical features we 
have just considered. As already stated, we mean by 
a " rock '^ any natural aggregation of mineral matter 

To what great mountain chain does it belong? Describe it. What 
is said of its gorges? What is its area? 

Chapter III. — What is the subject of Chapter III.? Wliat do 
we next examine ? Define the term " rock." What recks 'i^i ^^ 
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whatever, whether solidified and massive or not. 
Although the entire mass of the earth is made up 
of such rocks, in one form or another, we cannot 
examine and study them all. We are limited in our 
inspections and study, at this period of geological 
knowledge, to those rocks which lie within fifteen or 
sixteen miles of the surface. With these, we can, in 
various ways, become well acquainted. The small 
portion of the earth's mass encircling tlie earth, like 
the outer shell of an onion, is called the a^iist of the 
earth. 

Let us, in the first place, study the constitution of 
the rocks, or the materials of which they are made. 

An examination of the rocks presents an almost 
infinite variety in appearance, and very great diversity 
in other properties, such as hardness, weight, etc. 
Notwithstanding this great variety, a very few simple 
mineral substances — either alone, or combined together 
in diflPerent ways — suffice to make up all rocks. 

The chief of these substances are — Silica, Alumina, 
Lime, Magnesia, Potash, and Soda. Flint is a form 
of Silica, and clay consists largely of Alumina. 

I. Silica. Silica is composed of two elementary 
substances, joined together in chemical combination — 
a non-metallic substance rarely obtained in the free 



investigate now? Can we acquaint ourselves with these? What is 
meant by the crust of the earth ? How do rocks vary ? Are they 
composed of few or many simple substances? Mention the names 
of the principal substances. I. Of wliat is /Sirica composed? 
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state, called Silicon and Oxygen gas, the great life- 
supporting constituent of the atmosphere. It is 
known by a number of other names, the principal 
of which are Quartz and Silex. It occurs in nature in 
a free, uncombined condition, forming a number of 
interesting and important minerals and rocks. It also 
occurs combined with other substances, constituting 
the important class of minerals called silicates. Alto- 
gether, it is very abundant, and comprises little less 
than one-half the earth's entire crust. The leading 
property of Silica in the form of quartz is its hardness. 
It scratches glass with ease, strikes fire with steel, and 
cannot be cut with a knife. When struck with a 
hammer, it exhibits brittleness, and breaks into irreg- 
ular fragments with a glassy appearance. It is un- 
affected by ordinary acids, and melts only with an 
intense heat. These refractory properties fit it for the 
important part it bears in the formation of the rocks. 
In various forms, and under many names, it is 
polished, and is worn as gems in jewelry. Free or 
uncombined Silica is known under a variety of names. 

Quartz is a general term, embracing all the varieties 
which follow. It frequently occurs in crystals of the 
form shown in the figure. 

Which is the life-supporting principle? By what other n^mes is 
Silica known? How is it found in nature? What proportion of 
the earth's surface does it constitute ? What is its most distin- 
guishing property ? Mention its characteristic peculiarities. For 
what do these properties fit it ? In what form does Quartz fre- 
quently occur? Is it worn as jewelry? What does the illustration 
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Fig 1 — QuaHi Crj'BtalB. 

Crjatals of gieat size, though of inferior clearnese, 
are occasionally seen. Hoek Crystal is, properlyj the 
clear crystalline quartz, but the name is usually ex- 
tended to any clear, white, transparent variety. 

Jlose or I'ink Quarts is a rose-red variety rarely 
found as crystals, but usually massive. Amethyst is 
clear quartz, with purple color, given it by Oxide of 
Manganese, which it contains in minute quantity. 

SElky Quarlz has a milk-white appearance, and is 
usually found opaque and massive, 

■how? Wliat ie Kock Crystal? To what is Ihe name usnaUy 
extended? What is Rose, or Pink Quarts? Amethyst? Whence 
its purple color? What is Milky Quarts? What is the appearaoce 
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Smoky Quartz has a dark^ brown, smoky tint. • It is 
sometimes black and opaque. 

Granular Quartz consists of small grains of quartz, 
united to form a massive rock. It has a texture like 
loaf-sugar, and frequently crumbles easily into sand. 

Chalcedany is uncrystalline quartz of waxen lustre, 
generally of white or brown color. Camelian is a 
bright red; Sard a brownish red, and Chrysojprase 
an apple-green variety. Agate is a kind of chalce- 
dony, in which different colors are arranged in parallel 
bands. Different names are given to agates, according 
to the figures which it is fancied are marked out by 
the colored bands. Thus we hei,ye fortification, rihbon^ 
and moss agates. These bands are seen in cutting 
across the stone ; they are, in fact, successive layers of 
quartz one upon the other. When an opaque alter- 
nates with a transparent layer, the stone is an onyx. 
Real cameos are cut from the onyx. 

Ja&per is a dull, massive variety of quartz, of 
various shades of color. When the colors are ar- 
ranged in bands, it is called ribbon Jasper. When it 
is a deep green, with red spots, it is called blood-stone, 
which is often set in finger-rings. 

of Smoky Quartz? Of what does Granular Quartz consist? 
Chalcedony? What color? What is the appearance of Camelian? 
Sard? Chrysoprase? What are Agates? What different names 
are given to them, and why ? How are the bands made ? When is 
an Agate termed an Onyx ? From what are real Cameos ? What 
Is Jasper? When is it termed Ribbon Jasper? When Blood Stone f 
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Sand, Pebbles, Gravel, etc., are forms of impure 
quartz. Flint, Ilornstone, and Buhr-stone are forms 
of fine and hard quartz. 

Opal is combined Silica and water, softer than 
quartz, and often forms a gem, exhibiting an internal 
play of colors ; but opaque varieties of various colors 
are also found. 

2. Alumina. — Alumina is metal Aluminium and 
oxygen. It occurs uncombined only in a few forms, 
and these in limited quantities. Sapphire is a clear, 
blue, crystallized variety, constituting a gem greatly 
prized by jewelers. The Buhy is identical, except as 
regards its red color. Common Corundum is coarser, 
often opaque, and of various colors. Emery is a coarse 
granular form. Alumina is harder than quartz, and 
can only be scratched by the diamond. 

Besides this rare occurrence in a free state, alu- 
mina is a constituent of a number of important min- 
erals. 

3. Lime. — Lime is composed of Calcium and Oxy- 
gen J chemically united. Not found in nature in a free 
state, it is prepared artificially, and is known as " quick 
limer Two compounds of Lime form groups of im- 
portant and interesting minerals. 

Of what are sand, pebbles and gravel composed ? What are flint, 
hornstone and buhr-stone ? What is Opal ? Describe it. What is 
Alumina? How does it occur ? What is Sapphire ? Corundum? 
Emery? How hard is Alumina? Does it combine with other 
minerals ? Of what is Lime composed ? Is it found in a natural 
state ? How many important groups of compounds has it? What 
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1. Calcium Carbonate^ or Carbonate of Lime, is a 
compound of lime and carbonic acid. This is a soft 
mineral, easily cut with a knife, and readily recog- 
nized by effei^escing (giving off carbonic acid gas) 
when treated with vinegar or a weak acid. It is 
almost insoluble in pure water, but is somewhat soluble 
in water containing carbonic acid gas. Rain water is 
a solvent for it in a slight degree, as this contains a 
small amount of carbonic acid, washed out of the air, 
in its descent to the earth. It occurs in a variety of 
forms, of which the following are the most important : 

Calc Spar^ or Calcite, is a clear, crystallized variety, 
rbombohedral in form. Very ti^ansparent specimens 
found in Iceland are called Iceland, or Double-refract- 
ing Spar. 

Dog-tooth Spar and Nail-head Spar are names 
applied to certain crystallized varieties whose forms 
suggest the titles. Limestone is a name applied some- 
times to all varieties of Calcium carbonate, but more 
generally to the massive forms only. It occurs 
frequently in large masses, constituting whole beds 
of rocks of various colors, extending over great 
regions of country. It abounds throughout large 
portions of Tennessee, and constitutes the material 
of which the Capitol at Nashville is constructed, 

is the first? Describe Carbonate of Lime. How easily recognized ? 
Is it soluble in water? How soluble ? What does rain-water con- 
tain ? Describe CaleUe, Where are quantities of it found ? What 
are Dog-tootli spar and Nail-head spar? What is Lime&tone? 
AVhere is it found f AVhat noted public building is constructed of 
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MaMe is crystalline limestone, of fine granular tex- 
ture. There are many varieties, of various colors and 
names. It will receive a high polish^ and is an 
important building material. 

Oolite and Pisolite are limestones containing numer- 
ous small, rounded grains. 

Calcareous Tufa is a deposition of calcium carbonate, 
from water holding limestone in solution. In lime- 
stone countries the rain-water frequently excavates, 
by its solvent action, great cavities in the rocks. 
These are called " limestone caves '^ or caverns, and 
are sometimes of great extent and beauty. Water 
charged with limestone, trickling through the roof of 
such a cave, deposits its limestone and forms masses, 
called stalactites^ pendent from the roof. A portion 
falling upon the floor of the cave deposits its lime- 
stone there, and in time, masses called stalagmites, are 
built up from the floor. 

Chalk is a porous, crumbling variety of limestone. 
It sometimes occurs in large deposits. Its uses on 
the black-board are known to every student. 

Marl is a mixture of limestone and clay. It 
generally occurs in great beds, is loose and uncom- 
pact, and contains numberless small shells. It is 
employed to fertilize lands. 

it? AVhat is M&rble? Are there many kinds? For what im it 
chiefly employed? What are Oolite and Pisolite? AVhat is Cal- 
careous Tufa? How are limestone caverns formed? What are 
Btalactites? Stalagmites? What is Chalk? Marl? How do 
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Magnedan Limestone, or Dolomite, contains magnesia. 
It is somewhat harder than ordinary limestone, and 
does not effervesce with acids unless heat be applied. It 
sometimes occurs in natural beds of great extent. 

Calcium Carbonate is the most important con- 
stituent of the shells of marine animals. These 
frequently furnish it, as we shall learn in another 
place — in the formation of the rocks. 

2. Calciu7n Sulphate, or Sulphate of Lime, is a 
compound of lime and sulphuric acid. Chemically 
combined by nature with water, it is called Gypsum or 
Selenite. This species is softer than calcium carbon- 
ate. It can be scratched with the finger-nail, and easily 
cut wdth a knife. It does not effervesce wdth acids. 

It occurs in a number of forms, prominent among 
which are satin spar, (in fibrous masses with the lustre 
of satin,) Selenite, (in crystals and plates, with an ap- 
pearance like the sheen of the moon,) and alabaster, a 
snow-white variety. In massive form (its principal 
mode of occurrence,) it is commonly known as Gyjh 
sum. It is sometimes called land-plaster, and when 
burned, '^ plaster of Paris ^'^ 

Gypsum occurs naturally in extensive beds, consti- 
tuting important rocks. 



these occur? What is Dolomite? How different from Limestone? 
How does it occur ? Wliat is Calcium Carbonate ? What is said 
of it? What is Calcium Sulphate? How composed? What 
qualities does it exhibit? How does it occur? What is Satin 
Spar? Selenite? Alabaster? Gypsum? What is Land-Plaster? 
Plaster of Paris? How does Gypsum occur in nature? What are 
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3. Magnesia, Potash and Soda are the oxides of the 
metals Magnesium, Potassium and Sodium, respective- 
ly. Magnesia occurs to a very small extent in 
nature in a free, uncombined form. Potash and 
Soda do not occur at all in this condition. They are 
very important in their different compounds. 

Compounds of Silica and other substances. — Silica, 
besides its importance and abundance in the free state, 
as already described, unites with the substances above 
named, and with others of less importance, forming 
what are called Silicates, 

The Silicates are a highly important class of min- 
erals. We mention a few of the chief ones. 

1. Feldspar is a silicate of alumina essentially, with 
other substances, according to the species. Orthocla^e 
(common feldspar, potash-feldspar,) contains potash ; 
Albite (soda-feldspar,) contains soda, and Labradorite 
(lime-feldspar,) contains lime. All these varieties 
agree in being somewhat softer than quartz, of light 
color usually, and breaking or " cleaving " readily in 
two directions. 

Common Clay is a silicate of alumina, formed by 
the decomposition of feldspar, the other substances 
being washed away. It is usually stained of various 
colors by the oxide of iron associated with it. 

Magnesia, Potash and Soda? How do they occur? With what 
does Silica unite ? What are its compounds termed ? Are they 
important? What is Feklspar? Orthoclase? Albite? How do 
these differ from Quartz? What is common clay? How usually 
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3. Mica is a mineral readily dietinguislied by its 
glistening appearance and great lustre. It splits into 
tliin, elastic plates, and is often seen in the form of 
small shining particles. It is often called " isinglass." 
Ordinary Mica is a silicate of almnina and potasb, con- 
taining a small quantity of iron ; but magneeian spe- 
cies are also of frequent occurrence. 

3. Hoiiiblende is a tough mineral, nearly as hard as 
feldspar, of black or dark-green color generally, fre- 
quently found in the form of needle-like crystals. It 
is a silicate of magnesia and lime, with traces of alu- 
mina, iron, etc. Light-colored varieties (Tremolite, 
etc.) are also known. 




■4J^ 

Fig. 2. — Hornblende Crystals in Quarlz. 

4. Pyroxene is very like hornblende, both in com- 
positios and appearance, occurring, however, fre- 
quently light colored, and differing from hornblende 
in the form of its crystals. 

Blained? WliatisMica? Ita appearance? QiinliticB? Wliat ia 
lainglasB? Of wliat does Mica coiiaiat? How is Horabknde 
found? Propertiea? Wliat doea the illustrstioD show? "Wliat does 
Pyroxene resemble? Appearance? How different from Hornblende? 
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Asbestos is a name applied to a variety both of 
liornblende, aud pyroxene, occurring in jtbrone form, 
resembling the texture of wood. 

5. Tale is the softest mineral known, and can be 
easily scratched by the finger-nail. It is readily distin- 
guislied by its softness, and its greasy, soapy feel. It pre- 
sents usually a light green color, and separates into thin, 
flexible layers. Talc is a silicate of magnesia, contain- 
ing, in addition, water and a little iron. 

Soapstone, or Steatite, is a massive variety of tale. 

Serpentine is a related magnesian species of com- 
pact texture and massive form. It often has a mottled 
appearance like the skin of a serpent 

Chlorite is a dark-green mineral reeemblmg talc in 
properties, but containing aliimma, and being foliated 
and scaly. 

6. Tourmaline occurs m 
long triangular or nine 
sided prisms, commonly of | 
black color, and highly pel 
ishcd. It is a silicate of | 
alumina, with the addition, 
usually, of lime or magne- 
sia, iron, and boracic acid. Tourmaline C^r^ls in Quartt 

To what ie the term Aabestos applied? Talc? How can it be dis- 
tiiiguiahed? What is ita color? Of what is Talc composed? Whal 
b Steatite? Serpentine? What appearance docs Serpentine present! 
Describe Clilorile? How does Tourmaline occur? What is 
Toiirmaline compoeed o£? What does the illustrittion ahom? 
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It must not be supposed that the minerals we have 
thus described, form of themselves, individually, the 
great masses of rock we find spread out over the 
surface of the earth. On the contrary, the rocks 
are aggregations of these minerals, diflfering in kind 
and proportion ; and these aggregations constitute the 
true rocks. To these different rocks are applied special 
names, with which we must now become familiar. 

1. Sandstone is common sand, often nearly pure, at 
other times cemented into a hardened mass by calca- 
reous or clayey matter. Sandstones are siliceous^ cal- 
careous, or argillaceous (clayey), according as the sand, 
calcareous matter, or clay is present in greater amount. 

2. Conglomerate consists of gravel or rolled frag- 
ments of rock, cemented by siliceous or other matter. 
If the component fragments are rounded, it is a ''picd- 
ding stone^^ or conglomerate proper, and if angular, a 
" hreccia.^^ 

3. Shale is common clay, hardened and compressed 
into a compact rock, easily breaking into thin, fragile 
layers, like roofing slate. 

4. Trap Hocks are very hard, dark colored, dull- 
looking rocks, generally very massive in character and 
often presenting a columnar structure. There are four 
principal varieties, viz. : 

Do these minerals form large masses on the earth's surface? Of 
what are the rocks formed ? Have these aggregated rocks special 
names? What is Sandstone? What two kinds are there? What 
is conglomerate? How differently composed? When called Pud- 
ding Stone ? Wb'^n Breccia ? What is Shale ? What are Trap Kocks ? 
How many kinds are there ? 
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(a) Bamit (also called Bolerile,) composed chiefly 
of augite and feldspar. 

(6) Dionite, composed of liornlilende and feldspar. 

(c) Porphyry, composed al- 
most entirely of feldspar, with 
distinct crystals of the same 
scattered through it. It is 
frequently of light colors, such 
as red and purple. Any trap 
rock in which minerals ai'e 
disseminated in the form of i 
distinct crystals, is said to be 
porphyrttic. Fig. 4,— Porphjry. 

(rf) Amygdaloid is a trap rock containing roundish 
cavities, frequently filled with quart?: and other 
minerals. 





Whit the first, and how composed 7 The second, and how com< 
poBed7 Hie third? What appearance does iE presentT What 
Sffe porphjti tic rocks? What is Amygdaloid? What do the illofr 
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5. Granite is a hard, compact, granular rock, com- 
posed of quartz, feldspar, and mica, usually of greyish 
or reddish color. The three minerals in coarse gran- 
ites may be easily distinguished by their characteris- 
tics; but there are many varieties of granite, dif- 
fering in color, hardness, compactness, and other 
properties. 

6. Gneiss has the same composition as granite, but 
diflEers from it in being stratified or laid out in beds. 

7. Mica Schist is a gneiss rock, in which mica is 
the chief constituent. 

8. Syenite is a granite-like rock, consisting of quartz, 
feldspar, and hornblende. 

9. Quartzite is a harsh, gritty rock, formed by the 
cohesion of quartz sand into a compact form. 

10. Volcanic rocks are those produced by the over- 
flow of volcanoes. The principal are, trachyte^ lava, 
pumice and obsidian. They consist chiefly of mix- 
tures of the various mineral silicates described above. 

CLASSIFICATION OP THE ROCKS. 

The rocks we have just described present differences 
in appearance, which are not caused by the differences 
in mineral composition, but evidently by the different 

tratioDs show ? How is Granite composed ? Describe it. Is all 
Granite exactly alike? How does Gneiss differ from Granite? 
What is Mica Schist ? What is Syenite ? Quartzite ? What are 
Volcanic rocks ? The principal kinds? Of what do they chiefly 
consist? What differences do the rocks just considered present? 
What other differences exist in them? On what is our next clasei- 
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ways in which the rocks themselves were formed. 
We have, therefore, a classification of the rocks, based 
upon the modes in which, it is supposed, they were 
formed. 

1®. IgneoiLS rocks are those which appear to have 
been at one time melted by great heat, and to have 
obtained their present form by cooling. Trap rocks 
and volcanic rocks are included under this head. 

2®. Sedimentary rocks are those which appear to 
have been laid out in extensive beds by the act 
of deposition from water. Sandstones, Conglomerates, 
Shales and Limestones are included under this head. 

3®. Metamorphic rocks are those which appear to 
have been at one time deposited as sedimentary rocks, 
but afterwards changed in character (usually crystall- 
ized or granulated) by tlie action of heat or some 
other powerful natural agency. Such rocks are the 
graniteSy gneiss, mica schist, syenite, quartzite and 
ma7'ble. 

fication of rocks based? What are Igneous Rocks? What do 
these include? What are Metamorphic Rocks? What do tliey 
include ? 
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CHAPTER IV. 

STRUCTUBE OP THE ROCKS. 

§ 1. Having studied the chemical composition, 
and mineral constitution of the rocks, let us now 
examine into their conditions of structure. We may 
here premise, what we shall learn hereafter, that the 
present form and structure of the rocks have been 
brought about mainly by the action of two powerful 
agents — fire and water. It will appear that the whole 
earth was, at one time, in the condition of a vast mass 
of melted, highly-heated rock, which, by loss of heat, 
or cooling, became solid, and formed the massive 
shell, surrounding the earth as its crust. The great 
bodies of water, called the seas, were afterwards 
formed, and spread over a great part of the cooled 
surface, leaving a small portion as dry land. The 
ceaseless action of the seas, beating upon the dry 
land, crumbled and broke down great parts of it into 
the condition of fine powder, which, carried out into 
the seas by the waves, was deposited at their bottoms, 
and pressed by the great weight of the waters into 
immense beds, or strata. 

What is the subject of Chapter IV.? What has been studied? 
What agents produced the present form and structure of the rocks ? 
What form was the earth in at first? By what process was the solid 
crust formed ? When were the seas formed ? What effect had the 
seas on the land? What are strata f Into what two classes ar« 
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§ 2. These were the principal conditions under 
which the rocks were formed, and they are, therefore, 
divided into two classes, according to their structure, 
viz : the stratified, or those which occur in beds or 
layers, formed by deposition from water, and the 
unstratified, or those which do not occur in beds, and 
were formed by the cooling of melted rocks. 



Fig. e.—Stratified Rocks. 

§ 3. Had these processes of cooling and deposition 
gone on without interruption, the surface of the earth 
would now present small bodies of dry land, consist- 
ing of unstratified rocks, and large bodies of water as 
the original seas. Or, in case some of these latter had 
become filled up, or removed by some cause from 
their original positions, there would be found, in their 
stead, the last deposits of stratified rocks which they 
had formed. Under such conditions, our study of 
the rocks would be limited to the surface, and to such 
depths as could be penetrated by artificial means, 
which would probably be not more than half a mile. 

§ 4. But the processes mentioned did not go on 

the rocks divided? How were the Stratified Bocks formed? The 
Unstratified ? What does the illustration show ? Had the cooling 
and deposition gone on quietly, what would have resulted? If the 
seas had been filled up, what then ? How would the study of the 
rocks have been limited then? Did they go on quietly? To what 
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quietly, but were, on the contrary, subjected to 
powerful disturbances. The great heat which still 
existed in the interior of the earth, and kept the 
uncooled masses of rock in a melted condition, broke 
up, from time to time, the outer crust, and ejected 
great masses of these rocks, which became, on cool- 
ing, parts of the unstratified surface. The stratified 
deposits already formed were broken up and dis- 
located by these agencies, and their edges, in many 
cases, turned up, to form thereafter parts of the 
earth's surface. The seas were at the same time 
removed from their positions, and transferred to 
other localities, to perform their work of decompo- 
sition and deposition. It therefore happens that the 
exterior surface of the earth presents, at this time, 
a confused and intricate appearance, being made up, 
not only of unstratified rocks, and those which, being 
stratified, remain in the original horizontal position as 
they were first formed, but also of the edges of the 
dislocated strata, turned up in the manner described. 
It is by means of the information furnished us by 
these upturned edges, that we are enabled to study 
the rocks, to what would be a depth of about fifteen 
miles, if the strata were placed horizontally one upon 
the other. 

subjected? In what manner did disturbances occur? What hap- 
pened to the stratified deposits already formed ? What happened 
to the seas? What is presented therefrom? How is the earth *8 
surface made up? To what depths are we tlius enabled to study 
the rocks ? 
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§ 5. The entire cooled mass of rocks constttuting 
llie crust of the earth is, at this time, probably about 
Rtly miles in thickness. 

The exterior surface is composed largely of stratified 
rocks, these constituting about nine tenths of the 
surface. The interior, liowever, consists almost en- 
tirely of the unstratified. The stratified rocks are by 
for the most important in the study of Geology, 

§,6. It will now be necessary for us to become 
acquainted with the scientific definition of certain 
terms concerning the structure of the rocks, which 
will be frequently used in our subsequent study. 

I. Op Stratified Rocks — 

A stratum includes one or more layers of any 
particular kind of rock. 

A Jorvtation is composed of several strata which 
were deposited in the same period. 

A group is a part of a formation, consisting of 
strata related to each other. 

Fig. 7. 




HowdeepiBlhecooledcruHtoftheearth, probably? What propor- 
tion of the BUrfane ie covered bj stratified rocks? Of what does the 
interior consist? TVhich rocks nre the most important in Btudy ing 
Geology? What must we nest become acquainted with? What is a 
Snifunif A PonaaHoat A Group/ Explain the Figure on this page. 
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In Fig. 7, the strata at A are horizontal, those at B tn- 
clinedy at C vertical, at D contorted, and at E tiUed up. 

The angle which inclined strata make with the 
horizon is called the dip. The line of direction at 
right angles to the dip is called the strike. 

Strata dipping in opposite directions, as at a, Fig. 
8, are called anticlinal; when dipping towards each 
other, as at s, synclinal; strata coming to the surface, 
as at c, are called an outcrop; strata arranged regu- 
larly above each other, as at o, are said to be con- 
formable; those not, as at x, are unconformable. 




' Figs. 

Massive strata are those of compact form ; shaly 
strata break easily into- thin slabs, like roofing slate, 
which are generally fragile; laminated strata break 
readily into slabs like flagging-stone. 

In addition to these usual forms of strata, there are 
those said to be irregularly bedded, or to present 
diverse stratification. Such are the strata which ap- 
pear to have been formed along the beach of some 
sea, and subjected to the action of the tide in ebbing 
and flowing, to the drifting of sand, etc. See Fig. 9. 

What are anticlinal strata? When are they termed synclinal f What 
are termed an outcrop f When are strata conformable f When un- 
conformable f What are -Massive strata? Shaly f Laminated f What 
is meant by irregularly bedded strata ? What is diverse stratification ? 
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Fig. 9.— Eipi)le Marks. 
Strata freqiiently exliibit upon their surfaces certain 
markings, such as ripple marks, wave marks, mud 
Tracks, and the prints of rain drops. See Fig. 10. 




Fig- 10. — n. Modern ImpreHaions of rain-drcipa. 

b. Carboniferous impree^iuTis of rain-drops. 
Hon were Ihej formed? Explain the figure illustrnting ripple 
marks. Eicplain the illustrBtionp of rain drops. What is a fdidtt 
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It sometimes happens that cracks or seams (generally 
nearly vertical) traverse strata in such a way that 
they are dislocated on either side, and their continuity 
is destroyed. Such dislocation is termed a fauU. 

When these seams are numerous, and run parallel 
to each other, accompanied at the same time by 
another system of seams at right angles to the first, it 
gives rise to what is called a jointed structure. 

Strata are frequently folded upon each other in such 
a way as to present great difficulty in the study of 
them. The tops of the folds have sometimes been 
entirely cut off, or denuded, by the action of the 
water, so as to give the appearance of a double set of 
strata to what is in fact but one. Fig. 11 represents 
a regular, and a denuded fold. 




A B CAB O 

Fig. 11. — A decapitated fold. 

In addition to the various forms of strata described 
above, there occur certain peculiar forms of rocks, 
produced by the action of water, known as concretions. 
These are composed generally of clayey, but frequently 
of other, materials, and are aggregations of the 
matter around a centre or nucleus. They are usually 

Whsit 18 jointed structure f Are strata folded on each other? Ex- 
plain how the folds are sometimes cut off. What does the accom- 
panying figure represent? What other strata exist? What are 

concretions? What form have they? 
3 
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more or less globular in form^ but their shape is often 
so modified as to present very curious appearances. 
When the nucleus consists of a cavity lined with 
little crystals of quartz or other mineral matter^ the 
concretion is termed a geode, 

2. Of Uxstratified Rocks — 

The unstratified rocks are usually found in masses 
devoid of any regular shape, underlying ^ overlying j 
and sometimes 'penetrating y the stratified rocks. 

It frequently happened that in the cooling of the 
melted rocks, or in the diying of those deposited bom 
water, cracks or fissures were formed in them. These 
fissures were subsequently filled with mineral matter, 
giving rise to what are called veins and dikes. 

Veins diflfer very much in their extent, from small 
seams extending only through one formation, to 
immense fissures, penetrating probably through the 
entire thickness of the earth's crust. They usually 
contain a number of mineral substances, such as 
quartz, serpentine, etc., which are generally crys- 
tallized. They frequently contain valuable deposits 
of metallic ores. Numerous small veins often ramify 
from the main ones. 

Dikes are formed usually of larger fissures than 
veins; they are not connected with smaller fissures; 

What is a geode f How are the unstratified rocks nsaallj found? 
How were cracks or fissures formed in them ? What are veins or 
dikes f What is said of veins? What do they usually <»ntain? 
What yaluable contents? Have these veins smaller branches? 
Wherein do dikes differ from veins f What do they always contain? 
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are more uniform in dimensions throughout their 
length, and contain but one kind of rock, which is 
always of igneous origin, such as the trap rocks. 

Dikes were probably always formed by ejections 
of igneous matter from the interior of the earth. 
Veins were probably sometimes so formed, and some- 
times by agencies connected with the rocks through 
which they penetrate. ' 

We have now studied the composition, the constitu- 
tion, and the structure of the rocks, which make 
up the crust of the earth. This department of Geology 
is called Lithologieal Geology, or the study of the 
rocks proper. 



CHAPTER V. 

AtlNERAL. RESOURCES, AND INDUSTRIAL RELATIONS. 

1. Let us next make a brief practical review of the 
mineral resources of the State, and note their value 
and industrial relations, as giving rise to or encour- 
aging and stimulating mining, manufacturing, com- 
mercial, agricultural, and other great industries. 

2. Inasmuch as reference will sometimes be made 

How were they probably formed? How, veins? What has now 
been studied ? What is this department of Geology called ? 
What is proposed in chapter V? How many Civil or Political 
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to the civil or i>oHtical divisions of the State, we ex- 
plain what these are. They do not coincide with the 
geological divisions referred to in the preceding pages, 
but are three in number. 

3. Eiist TamcsscCy of which Knox vi lie is the geo- 
graphical center, commencing at the eastward limit of 
the State and traveling west\|^ard, is that portion ex- 
tending from the North Carolina line to an approxi- 
mate line, dividing equally, from north-east to south- 
west, the region described as the Cumberland Table- 
land. East Tennessee, therefore, contains the eastern 
half of the sixth geological division, and all of the 
seventh and eighth divisions. Area of this division, 
13,700 square miles; population, 330,000, of whom 
37,000 are colored. 

4. This great division embraces the following thirty- 
three counties: Anderson, Bledsoe, Blount, Bradley, 
Campbell, Carter, Claiborne, Cocke, Grainger, Greene, 
Hamblen, Hamilton, Hancock, Hawkins, James, Jef- 
ferson, Johnson, Knox, Loudon, McMinn, Marion, 
Meigs, Monroe, Morgan, Polk, Rhea, Koane, Scott, 
Sequatchie, Sevier, Sullivan, Union, and Washington. 

5. East Tennessee is noted for its great variety of 
agricultural and mineral productions. As soils are, 
in great part, results of disintegration of rocks, the 

Divisions of the State are there? Are they the same as the Geolo- 
gical Divisions? What is the Central City of East Tennessee? 
What does East Tennessee embrace? What Geological Divisions? 
Ita area? Population? How many Counties? Name them. For 
what is East Tennessee noted ? Whence arises the variety of soils 
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great variety of the latter would effect equal variety 
of soils. For the most part, these soils are eminently 
productive. They yield to the faithful laborer good 
reward in fruits of agriculture; and the mineral pro- 
ducts of East Tennessee excel in value those of the 
other divisions, and vie, in this respect, with the most 
favored countries on the globe. 

6. The second great civil division of the State is 
Middle Tennessee, which extends from the western 
limit of East Tennessee, westwardly, to the Tennessee 
River in its northward passage across the State. Of 
this division Nashville, the capital of the State, is 
the approximate geographical center. It embraces 
the eastern half of the third geological division, all 
of the fourth and fifth divisions, and the western half 
of the sixth. Area of this division, 18,000 square 
miles; population, 562,000, of which 157,000 are 
colored. 

7. This great division embraces the following forty 
counties: Bedford, Cannon, Cheatham, Clay, Coffee, 
Cumberland, Davidson, Dickson, DeKalb, Fentress, 
Franklin, Giles, Grundy, Hickman, Houston, Hum- 
phreys, Jackson, Lawrence, Lewis, Lincoln, Macon, 
Marshall, Maury, Montgomery, Moore, Overton, Perry, 
Putnam, Robertson, Rutherford, Smith, Stewart, Sum- 

in this region? What is said of their productiveness? How do its 
mjlneral products vie with those of other countries? What does 
Middle TenneFsee embrace ? What City in its geographical centre ? 
Of what is Nashville the Capital ? What geological divisions does 
Middle Tennessee embrace ? What is the area of this Division ? 
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ner, Trousdale, Van Buren, Warren, Wayne, William' 
son, and Wilson. 

8. Middle Tennessee is distinguished by its great 
agricultural productiveness, excelling iu this respect 
either of the other divisions, and in mineral wealth it 
is but little inferior to East Tennessee. The part 
geologically described as the Central Basin, is espe- 
cially noted for its richness in products of the fium 
and the plantation. Its extensive coal-field on the 
Cumberland Table-land is counterbalanced by an area 
of iron ore on its opposite border, the latter embracing 
about four thousand square miles. 

9. The remaining great division is West Tennessee, 
which includes the area lying between the Tennessee 
River on the east, and the Mississippi River on the 
west. The city of Jackson is its approximate geo- 
graphical center. It embraces all of the first and 
second of our geological divisions, and about half of 
the third. The area of this division is about 10,700 
square miles; population, 368,000, of which 128,000 
are colored. 

10. West Tennessee embraces twenty counties, named 
as follows : Benton, Carroll, Crockett, Decatur, Dyer, 



Population? How many Counties of Middle Tennessee? Name 
them. For what is this Division distinguished ? What is said of 
the Central Basin? Has it a Coal field? Where? Iron ore? 
Where ? AVhat is the area of its iron deposits? What is included 
in West Tennessee ? What City in its Geographical centre ? What 
geological Divisions are embraced in it? What is its area? Pop- 
ulation ? How many Counties in West Tennessee ? Name them. 
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Fayette, Gibson, Hardeman, Hardin, Haywood, Hen- 
derson, Henry, Lake, Lauderdale, Madison, McNairy, 
Obion, Shelby, Tipton, and Weakley. 

11. West Tennessee is noted for its agricultural pro- 
ductions, the Mississippi Bottoms, which it includes, 
being particularly and inexhaustibly fertile ; and for 
its commercial facilities, arising from river navigation 
and extensive railway lines. Much of the other por- 
tions are highly productive. It excels Middle Ten- 
nessee, but not East Tennessee, in the variety of its 
soils. In mineral resourced, it is inferior to the other 
divisions of the State. Small but valuable deposits 
of iron ore are found, and some other minerals also, 
which will be mentioned in the proper place. 

MINERALS. 

12. Commencing at the eastern limit of the State, 
arid traveling westward in this examination, we con- 
sider first that metal which is of the highest impor- 
tance of all to the uses of man, \\ik 

Iron. Two great bands or "belts'^ of iron ore ex- 
tend through East Tennessee, near to and parallel 
with its ranges of mountains, and are designated and 
distinguished by the names. The Eastern Belt and The 
Dyestone Belt, 

For what is West Tennessee noted^ How does it compare with 
the other Divisions in variety of soils ? How in mineral resources ? 
What metal is of highest importance to man? Where and in how 
many places are the ores of iron found in East Tennessee ? What 
are the iron " Belts " termed ? What is said of the iron-ore of the 
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13. A third occupies the entire Cumberland Table- 
land, but the ore is of less value than those men- 
tioned, and will not be considered further. It is an 
argillaceous carbonate of iron, and is popularly called 
day iron-stone, 

14. The Eastern Belt lies mainly at and near the 
base of the Unaka Mountains, and extends entirely 
across and beyond the eastern border of the State, in 
an irregularly shaped band, reaching from the Vir- 
ginia border to Georgia. The iron ore chiefly found 
in this belt is the limonite, or brown hematite, and it 
exists in various forms. Sometimes it is a yellow 
powder, when it is known as yellow-ochre; again, it 
appears as a porous, spongy mass, when it is termed 
honey-comb ore, and often it assumes the form of 
balls, or irregular masses, somewhat resembling slag. 
In its purest form, it yields about sixty per cent, of 
metal to the manufacturer. In a number of the local- 
ities of the Eastern Belt, other varieties of iron ore, 
classed with the red and the brown hematites, are also 
found. 

15. In all of the counties of the Eastern Belt, iron 
manufactories are in operation. Iron ores are found in 
the counties of Johnson, Carter, Greene, Washington, 
Cocke, Sevier, Blount, Monroe, McMinn, and Polk. 

Cumberland Table Land? Wiere does the Eastern Belt lie? 
What kind of iron ore is here found ? Mention some of its Vfirieties. 
What is the average yield of these ores in metallic iron ? Name 
the Counties of this Eastern Belt Are iron manufactories in op- 
eration in this Belt? In what Counties is the iron ore of the Dye- 
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16. The Dyestone Belt, is the name by which the 
other iron region of East Tennessee is designated. 
It embraces, in whole or in part, the following coun- 
ties: Anderson, Bledsoe, Bradley, Campbell, Clai- 
borne, Grainger, Hamilton, Hancock, James, Marion, 
Meigs, Rhea, Roane, Sequatchie, and Union. 

17. The predominant ore of this belt is a brown or 
reddish iron-rock, lying in beds or strata, called in 
many places dye-stone. This may be readily known 
by its weight, brown or reddish appearance, and by 
the stain which the softer varieties are apt to leave on 
the fingers when handling it. It is, also, an oxide of 
the metal, and yields a large per cent, of pure iron 
when subjected to the process of manufacture. 

18. One or more layers or beds of this valuable ore 
lie along the south-eastern base of the Cumberland 
Mountains throughout the State of Tennessee, and 
other beds of the same exist in the parallel ridges 
within ten or twelve miles of this range; also, in the 
Valley of Elk Fork, in Campbell County, (a deep 
depression of the Cumberland Table-land) and in 
Sequatchie Valley, in a similar depression, are other 
extensive outcrops of the same. 

19. The ores of the Dyestone Belt have also at- 
tracted manufacturers, and a number of furnaces are 
in operation, converting them into metallic iron. 

stone Belt found? What is the predominant ore of this Belt? 
What is it popularly termed, and how may it be known ? What is 
its chemical character? Where do the beds of this ore lie? Do 
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ProceediDg westwardly, we find an iron belt on the 
eastern side of the Central Basin^ at the base of the 
Cumberland Table-land, occapying more or less of 
the counties of Warren, White, Putnam, Overton, 
and Van Buren, a portion of the ''Highland Rim'' 
heretofore described; and to the west of the Central 
Basin, at the western portion of this "Rim,*' we find 
an important belt of iron ore, nearly fifty miles wide, 
reaching across the entire State from north to south, 
embracing the following counties, in whole or in part, 
and termed the Western Iron Belt : 

20. Stewart, Houston, Montgomery, Dickson, Ben- 
ton, Humphreys, Hickman, Decatur, Perry, Lewis, 
Hardin, Wayne, and Lawrence. A line drawn from 
Clarksville to Florence, Alabama, would pass through 
the center of this iron belt. The ore of this region is 
chiefly the kind known as brown hematite. Of these 
counties, Benton and Decatur lie wholly, and Hardin 
partly, west of the Tennessee River, in the great di- 
vision of the State known as West Tennessee; the 
others, in Middle Tennessee. 

21. Copper. Copper ores, of remunerative quality 
to the miner, have been found in Polk County, and in 

mannfactnres of iron exist in the Djestone Belt? In what counties 
at the Western hase of the Cumherland Tahle-Land is iron ore 
found ? What important Iron Belt is found West of the Central 
Basin? What is it termed? Describe its width and location. 
What Counties are embraced in it? Between what points would a 
line pass through its centre ? What kind of ore is here found 7 
In what Counties of Middle Tennessee does this Belt lie? In what 
of West Tennessee ? Where are Copper ores found ? What is the 
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no other portion of the State. The locality yielding 
copper embraces an area of about forty square miles^ 
and comprises a basin about two thousand feet above 
the level of the sea. It is situated near the Unaka 
Mountain-range^ constituting the south-eastern bound- 
ary of Tenne^e. 

22. An active manufacturing centre, called Duck- 
town, has grown up at these mines, where metallic 
copper is produced from the copper pyrites^ the pre- 
dominant form of the ore at that place, and also from 
the red and the black oxides of that metal. To 
obtain these ores, shafts are sunk to considerable 
distances in the earth. There are two companies now 
engaged in the production of copper, the Union Con- 
solidated Company and the Burra-Burra Company. 
These companies send forth to the uses of man more 
than two millions of pounds of copper annually. 

23. Lead. — Mines of lead have been discovered in 
several localities in East Tennessee, the ore existing 
always in the form of the sulphuret of lead, or galena. 
Of these, the most promising is the Caldwell Mine, in 
Union County, where an abundant deposit is known 
to exist. The Hambright Lead Mine, in Bradley 
County, was in active operation during the recent 

area of the copper-yielding territory ? Its altitude ? Where is it 
situated? Name its manufacturing centre. What is the predom- 
inant copper ore termed ? What other ores are used ? How are 
these ores obtained? Name the companies engaged in producing 
Copper? What amount of Copper do they produce? Where is 
Lead found? In what form? What mine is the most promising? 
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war, and yielded largely. There are also miues of 
lead in Bumpass Cove, in Washington County, and 
the Carter and Montgomery Mines in Monioe County. 
Only one mine in this region is now in active opera- 
tion. Lead has also been found in Middle Tennessee, 
but not in sufficient quantity to justify mining opera- 
tions. 

24. Zinc. Ores of Zinc are found in the counties 
of Union, Claiborne and Jefferson, and less notably 
in other localities of the Eastern Division of the 
State. The chief forms in which these appear are 
calamine, and electric calamine. Sulphuret of zinc, 
or Zincblende, also occurs, but in inconsiderable quan- 
tities. Both of the former ores are found in a large 
deposit known as the " Stiner belt,^' in Union County. 
A large manufactory formerly existed at Mossy Creek, 
Jefferson County, which was engaged in converting 
native zinc ores, found in that locality, into white 
oxide of zinc for paint. 

25. Gold. In one locality only of Tennessee has 
gold been found — on Coka Creek, in Monroe County. 
Mining operations were conducted here for nearly ten 
years, commencing in 1831 ; but the yield of the 
precious metal, never large, gradually diminished tDl 
iis want of remuneration closed the mines. 



Name other localities. Is lead found in Middle Tennessee? 
Where are ores of Zinc found? What are these ores termed? 
Where is the Stiner Belt? What manufactory of Zinc existed, and 
where ? Where has gold been found in Tennessee? How long was 
mining conducted here ? Why discontinued ? What is said of the 
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26. Coal. This mineral, more valuable to man 
than gold, occupies a broad belt across the State of 
Tennessee, comprising an area of 5,100 square miles. 
It embraces the counties of Scott, Morgan and Cum- 
berland, the greater parts of Fentress, Van Buren, 
Bledsoe, Grundy, Sequatchie and Marion; lesser 
portions of Claiborne, Campbell, Anderson, Rhea, 
Roane, Overton, Hamilton, Putnam, White and 
Franklin, and small portions of Wayne and Coffeje. 
It embraces, indeed, the whole area of the Cumber- 
land Table-land, and constituting our sixth geological 
division of the State, and lying partly in East and 
partly in Middle Tennessee. It is a part of the great 
Appalachian coal-field, reaching from Pennsylvania, 
in the north-east, to the neighborhood of Tuscaloosa, 
Alabama, in the south-west, including a total area of 
about 80,000 square miles. 

27. The coal found in the coal region of Tennessee 
is all of the kind denominated Bituminous coal, 
embracing most of the varieties of this species men- 
tioned in the preceding chapter. A large number of 
coal mines, scattered throughout this region, con- 
venient to navigable streams and railways, are in 
active operation. 

28.' In almost every part of this region in our 
State, coal may be found in strata of greater or less 
thickness. Often these strata lie one above another, 

value of CJoal? What region does it occupy? Its area? Wliat 
geological division does it embrace? What CJounties? Of what 
great Coal Field is it a part? Area of this great Coal Field? 
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with interi>ose(l beds of sandstones^ shale, conglome- 
rate, and other materials ; in which case they are 
termed coal measures. These strata vary in their 
thickness from a few inches to as much as eight feet 

29. Coal mines are in active and profitable opera- 
tion in the counties of Grundy, Marion, Hamilton, 
Roane, Rhea, Anderson and Campbell ; and scientific 
analysis has shown that some of these coals have 
contained as much carbon as eighty-two per ceat. 
Railroad enterprises now in progress will speedily 
open many other mines. 

Beds of lignite exist in some localities in all of the 
three divisions of the State. Although somewhat 
combustible, it does not contain enough carbon to be 
useful as a fuel. 

30. Marble. Tennessee is favored with a profusion 
of fine marble, liberally bestowed on each of the three 
great divisions of the State. It is largely employed 
in the useful arts, and displays a great variety of 
colors and many beautiful figures, when polished. 
Specimens of the marble of East Tennessee may b« 
seen among the decorations of the Capitol in Nash- 
ville, the National Capitol, Washington City, and in 
the Custom House in Knoxville. 

What kind of Coal is found in this region ? What are Coal Measures f 
What rocks are interposed between the coal-beds, or strata? 
What thickness have these strata ? In which counties are Coal 
mines in active operation? What proportion of Car:bon do these 
coals aflford ? Will other mines be opened soon ? Bj what agency ? 
What is said of beds of Lignite? In what Divisions of the State is 
Marble found ? How is it employed ? What appearances does it 
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31. Limestone is also found in each of the three 
great divisions of the State, chiefly in Middle and 
East Tennessee. Aside from its use when converted 
by heat into quick-lime, it is employed in architecture 
and other arts, as in the construction of walls, fences 
and pavements. The Capitol of the State, at Nash- 
ville, is built of a handsome and durable laminated 
limestone, quarried in the immediate vicinity. 

32. In addition to the foregoing, we may add that 
valuable Sandstones, useful for building purposes, are 
found in great profusion in East and Middle Ten- 
nessee, and in some portions of West Tennessee ; and 
that excellent potter^s clay and fire clay have been 
found and utilized in the several divisions of the State. 

33. Black Oxide of Manganese, useful in many of 
the arts, and employed in converting iron into Besse- 
mer steel, is found in greater or less quantities in 
various parts of the State, most usually in close 
proximity with iron. 

34. SulpJiate of Baryta, or heavy spar, is found in 
Middle and East Tennessee. It is mined in Greene, 
Washington, Jeflferson and McMinn Counties, and is 
ground to powder, making a cheap white paint for 
houses. 

display? Where may specimens of its use as decorations be seen? 
In what Division is Limestone found ? To what uses is it applied ? 
What notable public building is constructed of it ? Where quar- 
ried? Where are valuable sandstones found? For what purposes 
are these useful? Where are useful Potter's Clay and Fire Clay 
found ? Where is Black Oxide of Manganese found ? For what is 
it useful? Where is Sulphate of Baryta, or Heavy Spar, found? 
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35. Common Salt was obtained manv vears since, at 
Winter's Gap, in Anderson County, by Prof. Joseph 
Kstabrook, President of East Tennessee University; 
also, other wells were bored successfully in the coun- 
ties of White and Overton. The manufacture of salt 
may yet be made profitable in those localities. 

36. Saltpetre is found in the caverns which abonnd 
in Middle and East Tennessee. 

37. Petroleum has been obtained by bqrings in 
Overton County, in two localities. 

38. Copperas abounds in conjunction with the 
fihales, cropping out on the margin of the Highland 
Rim. It is used in a crude state for domestic pur- 
poses. Alum is found in the same situations. 

39. Epsom Salt is frequently found in limestone 
caverns in Middle and Eastern Tennessee. A locality 
in Sevier County, named Alum Cave, contains Epsom 
Salt plentifully.' 

40. Bluesione is one of the forms of copper found 
at Ducktown, constituting an article of well-known 
use in the arts. 

41. Mineral Waters, Tennessee abounds in mine- 
ral waters, many of them possessing important cura- 
tive properties and attracting large patronage. Some 

AVhoro IH it mined, and for what is it used? Where lias (Common 
Halt been found? Wliere is Saltpetre found ? Petroleum? Where 
is Copperas found? In conjunction with what? How and for 
what is it used? Where is Alum found? Where is Epsom Salt 
found ? Blue Stone ? What is said of the Mineral waters of Ten- 



Elementary Geology of Tennessee. 59 

of these are provided for entertaining large numbers 
of visitors, and are annually thronged with people 
seeking health and pleasure. 

42. These mineral resources of Tennessee are of 
incalculable value to the State. Especially is this 
true of the metallic ores, which, as we have seen, are 
found in great abundance. Aside from the direct 
demand for skilled labor which the art of mining 
these ores creates, they give rise to other arts — as 
metallurgy, for instance — and many important manu- 
factures. They likewise indirectly exert a most 
salutary influence upon other industrial pursuits. 

Undoubtedly the most valuable minerals, in this 
respect, found in the State, are coal and iron ores. 
The amount of coal annually mined in the State at 
this time is perhaps not far from half a million tons, 
representing a valuation of perhaps one million five 
hundred thousand dollars. The amount still remain- 
ing deposited within the borders of the State is, per- 
haps, beyond calculation, but is, without doubt, 
enormous. Rough calculations have estimated that 
at least forty thousand millions of tons are available 
for future uses. 

nessee? Do the Tennessee mineral waters attract visitors? Of 
what value are these mineral resources? Which are most valuable ? 
To what useful ends does mining lead us? What other influence 
do these arts exert ? Which are tlie two most important minerals 
of Tennessee? What amount of Coal is now annually mined in 
this State? What is its approximate value? Can we estimate the 
remainder? What conjecture is given on this subject? What adds 
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43. The great and ever-increasing uses to whi 
iron is applied render it a most important and vali 
able metal. The occurrence of beds of ipon ore unde 
favorable conditions in the State^ gives rise to man; 
important industries, of great value to the common- 
wealth. 

44. The manufacture of iron may, generally, be 
divided into three distinct branches. The products 
of these are cast-iron, wrought-iron, and steel. In 
these three distinct forms the metal is made use of in 
the arts. The differences in physical properties of 
these products are well known. They also differ 
from each other in their chemical relations. Thus, 
vyrought or soft iron is pure metallic iron ; steel is 
metallic iron chemically united to a small proportion 
(one to two per cent.) of carbon ; cast iron is metallic 
iron containing more carbon (three to five per cent) 
than steel. The three all contain, generally, small 
proportions of impurities, the most important and 
deleterious of which are phosphorus and sulphur — 
the one rendering the metal ^^coJd short ^^ — brittle 
when cold — and the other " red short '' — brittle when 
red hot — ^both thus interfering seriously with the 
working of the metal. 

to the importance of Iron ? To what do the Tennessee Iron-beds 
give rise ? Into how many branches may the Iron-manufacture be 
divided? What are the products of these? In what are these sev- 
eral products used? In what respects do these products differ? 
What is wrought, or metallic iron? What is steel? Cast iron? 
Do these contain impurities? What? What effect has the pho8- 



i 
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16. The Dyestone Belt, is the name by which the 
other iron region of East Tennessee is designated. 
It embraces, in whole or in part, the following coun- 
ties: Anderson, Bledsoe, Bradley, Campbell, Clai- 
borne, Grainger, Hamilton, Hancock, James, Marion, 
Meigs, Rhea, Roane, Sequatchie, and Union. 

17. The predominant ore of this belt is a brown or 
reddish iron-rock, lying in beds or strata, called in 
many places dye-stone. This may be readily known 
by its weight, brown or reddish appearance, and by 
the stain which the softer varieties are apt to leave on 
the fingers when handling it. It is, also, an oxide of 
the metal, and yields a large per cent, of pure iron 
when subjected to the process of manufacture. 

18. One or more layers or beds of this valuable ore 
lie along the south-eastern base of the Cumberland 
Mountains throughout the State of Tennessee, and 
other beds of the same exist in the parallel ridges 
within ten or twelve miles of this range; also, in the 
Valley of Elk Fork, in Campbell County, (a deep 
depression of the Cumberland Table-land) and in 
Sequatchie Valley, in a similar depression, are other 
extensive outcrops of the same. 

19. The ores of the Dyestone Belt have also at- 
tracted manufacturers, and a number ©f furnaces are 
in operation, converting them into metallic iron. 

stone Belt found ? What is the predominant ore of this Belt ? 
What is it popularly termed, and how may it be known ? What is 
its chemical character? Where do the beds of this ore lie? Do 
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53. Of the other metals and minerals found in the 
State, their uses and value have already been briefly 
pointed out. 

54. From what has been said above, it will readily 
be seen of how much value to the State are its 
mineral resources. And this vakie is measured, not 
alone by the intrinsic worth of the minerals them- 
selves, nor yet by the important manufacturing and 
other industries to which they directly give rise. 
Their further importance is seen in the influence 
which they indirectly exert upon commerce, called 
upon to transport the products of the manufactures; 
upon agriculture, called upon to supply the needs 
of the many human beings employed in these indus- 
tries ; and, in fact, upon all other branches of indus- 
trial occupation to which men turn their labor and 
attention. These industries, taken collectively — their 
relations to each other being judiciously preserved— 
make up the wealth, mark the intelligence and deter- 
mine the growth of an opulent, progressive and 
thrifty commonwealth. 

What will readily be seen from the facts stated? How is this 
yalue measured ? What further importance do these mineral re- 
sources possess? How is Commerce stimulated? How is Agricul- 
ture fostered ? What do these several industries collectively effect? 
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CHAPTER VI. 

GENERAL DESCRIPTION OP USEFUL MINERALS 

AND ORES. 

1. It may be well for us to study, in this place, 
something concerning the forms in which certain 
useful minerals and metals occur in nature, and the 
properties of those which serve to identify them. 
The useful minerals do not occur in nature, as a rule, 
in a free, metallic state. They usually occur chem- 
ically combined with certain non-metallic, chemical 
substances — such as oxygen, sulphur, and carbonic 
acid — forming what are called ores. In the practical 
signification of the term, an ore is a mineral occurring 
in nature, containing a. useful metal in such form and 
under such conditions as will }>ermit it to be extracted 
with profit. 

2. Commonly, the metallic ores do not occur spread 
out over the surface of the earth in the form of rock- 
beds, covering large areas of country. Their usual 
mode of occurrence is in the form of veins, of greater 
or less extent, formed as described in a previous 
chapter ; in these, they are asssociated more or less 
with other mineral matter. 

What is the subject of this Chapter? What is it well for us to 
study next? How do useful minerals generally occur in Nature? 
Forming what? What is an ore? Do ores occur in the same form 
as rock-beds? De8cril)e their usual mode of occurrence. With 
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3. Oocasionallv the metallic ores occur in other * 
forms than veins — such as huge, isolated masses, (the 
case frequently with iron-ore); small beds, which 
apjiear to be truly and regularly stratified ; in grains 
disseminated through certain stratified rocks ; and in 
fragments, of various sizes and and in various degrees 
of profusion, scattered through alluvial deposits and 
the sands of the beds of streams. 

4. The proportion of the earth's surface ocenpied 
by deposits of metallic ores, it will be observed, is 
a tery small one. 

5. We shall take up the chief useful metals in 
regular order, and briefly describe the characters 
of their principal ores. 

1®. Iron. There are four principal ores of iron — 

(a) Magnetic Oxide — (commonly called '* load- 
stone"). This is a heavy, black ore, asually hard 
and compact. It is strongly attracted by the magnet, 
and, if scratched with a knife, the streak is blade* 
When perfectly pure, it is capable of yielding 
seventy-two per cent, of metallic iron. The ordinary 
yield, however, is only from thirty-five to sixty per 
cent. 



what are they associated ? How otherwise than in veins do metal- 
lic ores occur ? What proportion of the earth's surface do metallic 
ores form? In what order, shall we proceed in our researches? 
How many principal ores of iron? What are they? The first? 
Describe Magnetic Oxide, or loadstone. When scratched, what 
color has the streak ? When pure, what is the yield ? What the 
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(b) Red Oxide. This occurs in two forms — crystal- 
lized and massive. The crystallized (called Specular 
Iron Ore), is a bright, highly lustrous ore, of a dark, 
steel-grey color, occurring frequently in very beauti- 
ful crystals. The massive form (called Red Hematite), 
is a dull, red colored variety, sometimes compact, and 
sometimes fibrous, in character. This ore is less 
heavy and hard than the magnetic oxide; gives a red 
streak when scratched, and is capable of yielding, 
when pure, seventy per cent, of metallic iron. The 
ordinary yield is from forty to fifty per cent. 

(c) Brown Oxide. This ore occurs in a variety of 
forms; crystallized (to a slight extent only), compact 
and massive (when it is called Brown Hematite), in 
small, rounded grains, loose or conglomerated (called 
pea iron ore), and mixed with clay and other impuri- 
ties, forming great soft beds of yellow ochre. It is 
usually a soft ore, of a brownish color, producing a 
yellow streak, and, when crushed, a yellow powder. 
It is capable of yielding, when pure, sixty per cent; 
of metallic iron, the actual yield is usually much less 
than this. 

(d) Carbonate of Iron, This occurs crystallized 
(called Spathic Iron Ore), a nd massive, associated 

ordinary yield ? What are the forms of the Red Oxide? Describe 
each. Which is crystallized? How may the Red Oxide be distin- 
guished from the loadstone? What is the metallic yield of the 
Bed Oxide? In what forms does the Brown Oxide of iron occur? 
When is it called Brown Hematite? When Pea Iron Ore? When 
Yellow Ochre ? Describe the general appearance of Brown Oxide. 

What is said of its vield ? How does Carbonate of Iron, or Spathic 
4 
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35. Common Salt was obtained many years since, at 
Winter's Gap, in Anderson County, by Prof. Joseph 
Estabrook, President of East Tennessee University; 
also, other wells were bored successfully in the coun- 
ties of White and Overton. The manufacture of salt 
may yet be made profitable in those localities. 

36. Saltpetre is found in the caverns which abound 
in Middle and East Tennessee. 

37. Petroleum has been obtained by borings in 
Overton County, in two localities. 

38. Copperas abounds in conjunction with the 
shales, cropping out on the margin of the Highland 
Rim. It is used in a crude state for domestic pur- 
poses. Alum is found in the same situations. 

39. Epsom Salt is frequently found in limestone 
caverns in Middle and Eastern Tennessee. A locality 
in Sevier County, named Alum Cave, contains Epsom 
Salt plentifully. 

40. Bluestone is one of the forms of copper found 
at Ducktown, constituting an article of well-known 
use in the arts. 

41. Mineral Waters, Tennessee abounds in mine- 
ral waters, many of them possessing important cura- 
tive properties and attracting large patronage. Some 

"Where is it mined, and for what is it used? Where has Common 
Salt been found ? Wliere is Saltpetre found ? Petroleum? Where 
is Copperas found? In conjunction with what? How and for 
what is it used? Where is Alum found? Where is Epsom Salt 
found ? Blue Stone ? What is said of the Mineral waters of Ten- 
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of these are provided for entertainiDg large numbers 
of visitors, and are annually thronged with people 
seeking health and pleasure. 

42. These mineral resources of Tennessee are of 
incalculable value to the State. Especially is this 
true of the metallic ores, which, as we have seen, are 
found in great abundance. Aside from the direct 
demand for skilled labor which the art of mining 
these ores creates, they give rise to other arts — as 
metallurgy, for instance — and many important manu- 
factures. They likewise indirectly exert a most 
salutary influence upon other industrial pursuits. 

Undoubtedly the most valuable minerals, in this 
respect, found in the State, are coal and iron ores. 
The amount of coal annually mined in the State at 
this time is perhaps not far from half a million tons, 
representing a valuation of perhaps one million five 
hundred thousand dollars. The amount still remain- 
ing deposited within the borders of the State is, per- 
haps, beyond calculation, but is, without doubt, 
enormous. Rough calculations have estimated that 
at least forty thousand millions of tons are available 
for future uses. 

nessee? Do the Tennessee mineral waters attract visitors? Of 
what value are these mineral resources? Which are most valuable ? 
To what useful ends does mining lead us? What other influence 
do these arts exert? Which are the two most important minerals 
of Tennessee? What amount of Coal is now annually mined in 
this State? What is its approximate value? Can we estimate the 
remainder? What conjecture is given on this subject ? What adds 
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43. The great and ever-increasing uses to which 
iron is applied render it a most important and valu- 
able metal. The occurrence of beds of ison ore under 
favorable conditions in the State^ gives rise to many 
important industries, of great value to the common- 
wealth. 

44. The manufacture of iron may, generally, be 
divided into three distinct branches. The products 
of these are cast-iron, wrought-iron, and steel. In 
these three distinct forms the metal is made use of in 
the arts. The differences in physical properties of 
these products are well known. They also differ 
from each other in their chemical relations. Thus^ 
wrought or soft iron is pure metallic iron; steel is 
metallic iron chemically united to a small proportion 
(one to two per cent.) of carbon ; cast iron is metallic 
iron containing more carbon (three to five per cent.) 
than steel. The three all contain, generally, small 
proportions of impurities, the most important and 
deleterious of which are phosphorus and sulphur — 
the one rendering the metal ^^cold short" — brittle 
when cold — and the other " red short " — ^brittle when 
red hot — ^both thus interfering seriously with the 
working of the metal. 

to the importance of Iron 7 To what do the Tennessee Iron-beds 
give rise ? Into how many branches may the Iron-manufacture be 
divided? What are the products of these? In what are these sev- 
eral products used? In what respects do these products differ? 
What is wrought, or metallic iron? What is steel? Cast iron? 
Do these contain impurities? What? What effect has the phos- 



Elementary Geology of Tennessee. 61 

45. Of these three products, cast-, or jpf^-iron, is 
always made first. It is obtained directly from the 
ores of iron, by heating these in a blast fwmace, with 
charcoal or coal as fuel, which reduces the ore to the 
metallic state, the metal at the same time uniting with 
the requisite amount of carbon (from the fuel) to form 
cast iron. In order to remove the siliceous and other 
impurities always associated with the ores, there is 
added, before smelting in the furnace, a small portion 
o{ flux — ^which is generally limestone — which unites 
with the impurities, forming a fusible slag, in which 
form they- are removed. 

46. The ores occurring in this State possess the 
following among other characteristics : 

1. They are easy to work; that is, are readily re- 
duced in the furnace. 

2. They are generally quite free from phosphorus 
and sulphur, and other deleterious impurities. 

3. They occur generally not far from deposits of 
coal and limestone (often, indeed, intimately associated 
with these), the ore, fuel, and flux being thus all 
within easy reach of the furnace. 

In addition, the beds of sandstone and fire clay 
which we have seen to exist in considerable quantities 

phorus? The Sulphur? Which of these products is first made, 
and from what? How? Whence comes the carhon to unite with 
the iron to make pig-iron? What is added to remove impurities? 
What is fluxf With what does it unite? What is the product of 
fluxing termed? Is this product valuable? What is the first 
characteristic of the Tennessee iron-ores ? The second ? The tli ird ? 



60 Elementary Geology of Tennessee. 

43. The great and ever-increasing uses to which 
iron is applied render it a most important and valu- 
able metal. The occurrence of beds of icon ore under 
favorable conditions in the State, gives rise to many 
important industries, of great value to the common- 
wealth. 

44. The manufacture of iron may, generally, be 
divided into three distinct branches. The products 
of these are cast-iron, wrought-iron, and steel. In 
these three distinct forms the metal is made use of in 
the arts. The differences in physical properties of 
these products are well known. They also differ 
from each other in their chemical relations. Thus, 
torought or soft iron is pure metallic iron; steel is 
metallic iron chemically united to a small proportion 
(one to two per cent.) of carbon ; cast iron is metallic 
iron containing more carbon (three to five per cent.) 
than steel. The three all contain, generally, small 
proportions of impurities, the most important and 
deleterious of which are phosphorus and sulphur— 
the one rendering the metal ^^cold shorf — brittle 
when cold — and the other " red short '^ — brittle when 
red hot — ^both thus interfering seriously with the 
working of the metal. 

to the importance of Iron ? To what do the Tennessee Iron-beds 
give rise ? Into how many branches may the Iron-manufacture be 
divided? What are the products of these? In what are these sev- 
eral products used? In what respects do these products differ? 
What is wrought, or metallic iron? What is steel? Oast iron? 
Do these contain impurities? What? What effect has the phos- 
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45. Of these three products, cast-, or pig-hon, is 
always made first. It is obtained directly from the 
ores of iron, by heating these in a blast fuimace, with 
charcoal or coal as fuel, which reduces the ore to the 
metallic state, the metal at the same time uniting with 
the requisite amount of carbon (from the fuel) to form 
cast iron. In order to remove the siliceous and other 
impurities always associated with the ores, there is 
added, before smelting in the furnace, a small portion 
o{ flux — ^which is generally limestone — which unites 
with the impurities, forming a fusible slag, in which 
form they- are removed. 

46. The ores occurring in this State possess the 
following among other characteristics : 

1. They are easy to work; that is, are readily re- 
duced in the furnace. 

2. They are generally quite free from phosphorus 
and sulphur, and other deleterious impurities. 

3. They occur generally not far from deposits of 
coal and limestone (often, indeed, intimately associated 
with these), the ore, fuel, and flux being thus all 
within easy reach of the furnace. 

In addition, the beds of sandstone and fire clay 
which we have seen to exist in considerable quantities 

phorus? The Sulphur? Which of these products is first made, 
and from what? How? Whence comes the carbon to unite with 
the iron to make pig-iron? What is added to remove impurities? 
What is fluzf With what does it unite? What is the product of 
fluxing termed? Is this product valuable? What is the first 
characteristic of the Tennessee iron-ores ? The second ? The third ? 
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in the fcJtate, furnish excellent materials of which to 

construct the blast furnaces. 

47. There are perhaps at this time not less than 

twenty blast furnaces in operation in the State, pro- 
ducing annually as much as eighty thousand tons of 
pig-iron, with a valuation of perhaps two millions of 
dollars. 

48. By far the greater part of the pig-iron made is 
exported beyond the borders of the State ; the manu- 
facture thus stimulates commerce, and is a source of 
actual revenue. A number of foundries are estab- 
lished, however, at the several industrial centers 
throughout the State, which re-melt the pig-iron, and 
cast it into the various shapes in which it finds appli- 
cation. 

49. Wrought-iron is made from pig-iron, by heat- 
ing this in a puddling furnace in such manner as to 
burn out the carbon which it contains, and leave the 
metal pure and soft. Wrought-iron is worked into 
shape by rolling and hammering. A number of pud- 
dling furnaces and rolling mills are established at 
various points in the Stat6 — such as Chattanooga, 
Knoxville, etc. — which manufacture quantities of bar, 

What other? How many blast-furnaces are now in operation in 
Tennessee, probably? What the probable annual product? Of 
what value? What is done with the greater part of this pig-iron? 
What other branch of human industry does this stimulate ? Where 
are iron-foundries established ? What function do foundries per- 
form ? From what is wrought-iron made ? How is it effected ? 
How is wrought-iron worked into shape ? What is said of the 
location of puddling-furnaces and rolling mills in Tennessee? 
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sheet, and boiler iron, and other useful articles for 
which wrought-iron is employed. 

50. Steel is made, also, from pig-iron, by subjecting 
it to partial decarbonization. Various processes are 
in use for this purpose. The amount of steel now 
manufactured in Tennessee, if any, is inconsiderable. 

51. It would be, perhaps, impossible to estimate 
the amount or money value of the ores of iron yet 
remaining (many, indeed, not yet located or explored) 
within the State. It is enough to say that, in either 
case, the estimations, to approach the truth, would 
certainly reach enormous figures. 

52. Copper, perhaps, ranks next to iron among the 
valuable metals found in the State. We have already 
described its ores, and the localities where they are 
found. The copper ores are generally smelted, or 
reducedy directly at the mines, and the metal — in the 
form of ingot copper — is in great part exported. The 
amount of copper now produced annually in the 
State is, perhaps, not far from two million five hun- 
dred thousand pounds, with a valuation of five 
hundred thousand dollars. 

What manufactures are here produced ? From what is Steel made ? 
How ? By one, or various processes ? Is much steel manufactured 
in Tennessee? Can any accurate estimate of the value of Tennes- 
see iron ores be made ? What is remarked of their value ? How 
does Oopper rank among Tennessee's valuable minerals ? How are 
Copper ores converted into metallic copper, and where ? What is 
done with the Copper? In what form and what termed? What 
amount of Copper is annually produced in Tennessee? Value? 
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53. Of the other metals and minerals found m the 
State, their uses and value have already been briefly 
pointed out. 

54. From what has been said above, it will readily 
be seen of how much value to the State are its 
mineral resources. And this vakie is measured, not 
alone by the intrinsic worth of the minerals them- 
selves, nor yet by the important manufacturing and 
other industries to which they directly give rise. 
Their further importance is seen in the influence 
which they indirectly exert upon commerce, called 
upon to transport the products of the manufactures; 
upon agriculture, called upon to supply the needs 
of the many human beings employed in these indus- 
tries ; and, in fact, upon all other branches of indus- 
trial occupation to which men turn their labor and 
attention. These industries, taken collectively — ^their 
relations to each other being judiciously preserved— 
make up the wealth, mark the intelligence and deter- 
mine the growth of an opulent, progressive and 
thrifty commonwealth. 

What will readily be seen from the faots stated? How is this 
value measured ? What further importance do these mineral re- 
sources possess ? How is Commerce stimulated? How is Agricul- 
ture fostered ? What do these several industries collectively effect? 



Elementary Geology of Tennessee, 65 



CHAPTER VI. 

GENERAL DESCRIPTION OF USEFUL MINERALS 

AND ORES. 

1. It may be well for us to study, in this place, 
something concerning the forms in which certain 
useful minerals and metals occur in nature, and the 
properties of those which serve to identify them. 
The useful minerals do not occur in nature, as a rule, 
in a free, metallic state. They usually occur chem- 
ically combined with certain non-metallic, chemical 
substances — such as oxygen, sulphur, and carbonic 
acid — forming what are called ores. In the practical 
signification of the term, an ore is a mineral occurring 
in nature, containing a. useful metal in such form and 
under such conditions as will j^rmit it to be extracted 
with profit. 

2. Commonly, the metallic ores do not occur spread 
out over the surface of the earth in the form of rock- 
beds, covering large areas of country. Their usual 
mode of occurrence is in the form of veinSy of greater 
or leas extent, formed as described in a previous 
chapter ; in these, they are asssociated more or less 
with other mineral matter. 



What is the subject of this Chapter? What is it well for us to 
study next? How do useful minerals generally occur in Nature? 
Forming what ? What is an ore ? Do ores occur in the same form 
as rock-beds? Describe their usual mode of occurrence. With 
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3. Occasionally the metallic ores occur in other 
forms than veins — such as huge, isolated masses, (the 
case frequently with iron-ore) ; small beds, which 
appear to be truly and regularly stratified ; in grains 
disseminated through certain stratified rocks ; and in 
fragments, of various sizes and and in various degrees 
of profusion, scattered through alluvial deposits and 
the sands of the beds of streams. 

4. The proportion of the earth^s surface occupied 
by deposits of metallic ores, it will be observed, is 
a very small one. 

5. We shall take up the chief useful metals in 
regular order, and briefly describe the characters 
of their principal ores. 

1°. Iron. There are four principal ores of iron — 

(a) 3fagnetic Oxide — (commonly called ^^load- 
stone"). This is a heavy, black ore, usually hard 
and compact. It is strongly attracted by the magnet, 
and, if scratched with a knife, the streak is black. 
When perfectly pure, it is capable of yielding 
seventy-two per cent, of metallic iron. The ordinary 
yield, however, is only from thirty-five to sixty per 
cent. 



what are they associated ? How otherwise than in veins do metal- 
lic ores occur ? What proportion of the earth's surface do metallic 
ores form? In what order, shall we proceed incur researches? 
How many principal ores of iron? What are they? The first? 
Describe Magnetic Oxide, or loadstone. When scratched, what 
color has the streak? When pure, what is the yield? What the 
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used as a smirce of sulphuric acid and alum. When 

exposed to the weather, it undergoes spontaneous 

decomposition, and forms, with its associated rocks, 

copperas and alum. 

There are three principal iron regions in Tennessee, 

all of which form belts extending entirely across the 

State. One of these lies along the western border 

of the Unaka Chain ; another along the eastern base 

of the Cumberland Table-land, extending into the 

Valley of East Tennessee; another, yielding clay 

ironstones co-extensive with the coal measures on the 

Cumberland Table-land, and the fourth along the 

western edge of the Highland Rim, including a part 

of the Western Valley. The ores which occur in 

these regions are chiefly the Magnetic, Red and 

Brown Oxides ; and in all these localities, excepting 

the Cumberland Table-land, where the character of 

the ore is less remunerative to the manufacturer, 

manufactories arc actively at work in the production 

of iron, and are rapidly increasing. 

I. Copper. The chief ores of copper are six in 
number. 

(a) Copper Pyrites. This is the most abundant and 

important ore of copper. It occurs generally in a 

I — ■ 

purpose is it used? How does exposure affect it? Decomposed, 
what does it form ? How many principal iron regions in Tennessee ? 
What do they form? Where are these located? Are there other 
smaller veins and deposits of iron ? Where ? Of what kinds are 
the Tennessee ores ? How many chief ores of Copper are there ? 
Which is the most abundant? How does it occur? What its 
qualities and appearance? Of what is it composed? When pure 
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crystallized form, but sometimes in masses of variouf 
shapes. It has a bright yellow color and high metal- 
lic lustre. It is brittle, and resembles in appearanc^^ 
iron pyrites, but differs from this mineral in beinj 



much softer, and in not striking fire with steel. It i&=^ 
composed of copper, iron, and sulphur, and will yield^,- 
when pure, thirty per cent of copper. The practical 
yield is generally much less than this, and it cai 
be worked with profit when it contains only six oi 
eight per cent. 

(5) Purple Copper is a reddish-brown ore, with 
purple or red surface-tarnish. It occurs usually un- 
crystallized, and consists of copper, iron, and sulphur, 
yielding fifty per cent, of copper. 

(c) Sulphide of Copper is greyish, like iron, but is 
comparatively soft and often iridescent. It is both 
crystallized and massive, consists of copper and sul- 
phur, and yields seventy-five to eighty per cent, of 
metal. 

(6?) Oxides of Copper, — There are two ores of this 
class — red oxide and black oxide. The former is a 
blood-red or brownish ore, with a reddish-brown streak. 
The latter is a black ore, which soils the fingers, and 
gives a black streak. Both are quite heavy; they 
yield from eighty to nearly ninety per cent, of copper. 

what will it yield ? When can it be worked with profit ? What 
18 Purple Copper? How does it usually occur? Of what does it 
consist ? What will it yield ? Describe Sulphide of Copper. What 
are its constituents? Its yield? How many Oxides of Copper* 
What are they called ? Describe them. What will they yield 
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(e) Carbonates of Copper. Of these there are two : 
the blue carbonate, called azurite; and the green car- 
bonate, called malachite. These occur in nearly all 
deposits of copper, associated with other ores. They 
are generally in the form of small, tabular masses, oc- 
casionally crystallized. Large masses are sometimes 
found, but these are rare. Both ores are of light 
^weight and quite soft, giving a blue and green streak 
respectively. The finer specimens are used in the 
manufacture of jewelry. These ores yield about fifty- 
five per cent, of copper; they arc generally worked 
along with other ores. 

(/) Native Copper. By this is meant the metal in 
a free metallic state occurring in nature. This ore 
has the appearance and properties of the ordinary 
metal, so that it is easily distinguished. It has been 
found in large masses of more than a ton's weight, but 
it usually occurs in small particles, associated with 
other ores. 

There are a few other ores of copper, which, how- 
ever, are of little importance. 

The only localities in Tennessee where copper in 
any quantity has been found, is in the region of Duck- 
town, in the metamorphic r ocks of the Unaka chain. 

How many Carbonates of Copper ? What are their names ? Li 
what form usually found ? In what rarely found ? How may they 
be known by weight and other properties? For what are fine 
specimens used ? What will they yield ? How are they generally 
worked? What is meant by Native Copper? What appearance 
lias it ? How is it found ? Are other ores of Copper important ? 
How do such occur ? Where has Copper been found in Tennessee ? 
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to be hereafter described. Nearly all the ores above 
mentioned occur in this locality. 

III. Lead. — There is but one principal ore of this 
metal, viz., Galena^ which is a compound of lead and 
sulphur. This is a very heavy ore, usually of a leaden- 
grey or blackish-grey color, having a high metallic 
lustre. It is soft, and readily cleavable into cubical 
fragments, and has a dull, black streak. It will yield 
about eighty-five per cent, of metallic lead, and is 
usually found quite pure. Galena almost always con- 
tains silver, but usually in minute quantities. 

The carbonate of lead^ and a few other ores of this 
metal, also occur to some extent. The former is a 
soft, light-colored ore, usually white or yellow, with a 
peculiar lustre. It occurs in fibrous, crystalline, and 
compact masses, and will yield, when pure, nearly sev- 
enty-eight per cent, of metal. 

Galena occurs at numerous points in Middle and 
East Tennessee, but generally in small quantities 
only. 

IV. Zinc, There are four principal ores of zinc, 
(a) Carbonate of Zinc (or calamine). This is the 

most important and abundant ore of zinc. It is a 

Do these ores described all occur in Tennessee? What is Galena? 
Of what composed? Describe it. What will Qalena yield in 
metallic lead? How usually found? What other metal does 
Galena almost always contain ? What other ores of lead are men- 
tioned? Describe Carbonate of Lead. How does it occur? What 
will it yield ? Where does Galena occur ? In what quantities ? 
How many principal ores of Zinc are there? What is Carbonate 
of Zinc or Calamine ? Describe it. Of what docs it consist ? What 
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somewhat heavy ore, soft and usually crystallized, 
though it frequently occurs massive. It is colorless, 
white, grey, green, or brown, and has, in all cases, a 
^v^hite streak. It consists of the oxide of zinc and car- 
bonic acid, and will yield about fifty per cent, of 
metal. 

(J) Hydrated Silicate of Zinc (or electric calamine). 
This is a compact light-colored ore, of white or yellow- 
ish shades usually, having a white streak and a glassy 
lustre. It is somewhat less heavy than calamine, and 
is distinguished by the property of becoming electric 
by heating. It consists of the oxide of zinc, silicic acid, 
and water, and will yield about fifty-two per cent, of 
metaL 

{c) Zincblende is a dark-colored ore, usually black 
or brown, but sometimes found of yellow, red, or 
green color. Its streak is white, inclining to reddish- 
brown. It is brittle and somewhat heavy. It is com- 
posed of zinc and sulphur, and, as usually found, con- 
tains about sixty-seven per cent, of metal. 

(^ Ked Oxide of Zinc. This a red or orange-col- 
ored ore, usually found in lamellar masses, somewhat 
hard, and having an orange-yellow streak. It con- 
tains usually about eigEty per cent, of metal. 

Zincblende and several other ores occur at various 
localities in Tennessee, generally associated with 

will it yield ? Describe Hydrated Silicate of Zinc, or Electric 
Calamine. How is it distinguished? Of what does it consist? 
What will it yield? Describe Zincblende. Of what composed? 
Its yield? Describe Red Oxide of Zinc. How found ? What will 
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galena. Large deposits of zinc are found in Clai- 
borne, Jefferson, and Union Counties in Tennessee. 

V. Gold. There is but one form in which this 
metal occurs in nature, viz: as free, metallic gold, 
found either imbedded in veins of quartz and other 
mineral matter, or mixed with the sand of streams in 
fine grains, or in nuggets of greater or less size. Gold 
always occurs native. It may be readily known by 
its rich, yellow color, by its great weight, malleability, 
softness, and insolubility in strong acids. These prop- 
erties serve to distinguish it from several minerals 
which it resembles, and which are frequently mistaken 
for it. 

Small quantities of gold have been found in Ten- 
nessee, especially in the south-eastern part of the 
State, on Coca Creek, in Monroe County. 

The only mineral of especial value, besides the 
metallic ores above described, that we shall mention 
in this place, is mineral coal. 

VI. Mineral Coal. This very interesting and im- 
portant mineral is believed to have been formed in 
nature by the decomposition of vegetable matter — 
the wood of trees, &c. — ^by which some of its constit- 
uents were driven away, and a portion (chiefly carbon) 



i t yield ? What ores of Zinc occur in Tennessee ? Wliere and how ? 
How is gold found in Nature? How does it always occur? How 
may it be known readily ? Do any other minerals resemble gold ? 
Has gold been found in Tennessee? In what part of the State? 
In what quantities? How is Mineral Coal believed to have form- 
ed ? Is such decomposition now going on ? Where? What would 
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left behind. Such decomposition can now be seen to 
be going on in the masses of vegetable matter found 
in the beds of swamps and marshes. Subsequent 
pressure brought to bear upon a mass of such car- 
bonaceous matter would consolidate it into a bed of 
greater or less thickness. 

There are three principal varieties of coal which 
seem to exhibit the character of this decomposition 
and transformation. 

1. Lignitey or Brown Coal, This variety preserves 
some traces of its woody nature, being fibrous, and in 
structure somewhat like wood. It is light in weight, 
of a brown color (sometimes nearly black), is brittle, 
devoid of lustre, and burns easily, leaving a white 
ash. 

2, Bituminoxis Coal. In this variety the woody 
structure is entirely effaced, and the color and appear- 
ance indicate an advanced state of decomposition. 
The coals of this variety are all soft, and contain 
more or less of a soft, inflammable, mineral substance, 
called bitumen. For this reason they all burn with a 
flame. Various names are given to the coals which 
belong to this variety. 

(a) Coking Coal is moderately compact, brittle, and 

compress this into a bed? How many varieties of coal? What 
do they exhibit? Describe Lignite, or Brown Coal. What is said 
of Bituminous Coal? Is a woody structure visible? What in- 
flammable mineral substance does it contain ? What effect does 
this have on their burning? What is Coking Coal? Describe its 
properties. How does it burn ? What tendency has it ? Describe 
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has a somewhat resinous lustre. When heated, it at 
first flies to pieces, but afterwards fuses {cohei) to a 
pasty mass, which soon hardens into a compact mass. 
It bums with a yellow flame, which is not continuous, 
because of the tendency to coke, 

(b) Splint, or hard coal, is hard, brittle, of a black 
color, and a glistening lustre. It is hard to kindle, 
but bums with a fine, clear fire. 

(c) Cherry, or soft coal, is much like coking coal, 
but is more brittle, has a splendent appearance, and 
does not fuse when heated. It readily ignites, and 
gives a clear flame. 

{d) Cannel, candle, or pan'ot coal, is compact and 
even, of a shining lustre, and jet black, or brownish 
black, in color. It is brittle, and flies to pieces when 
heated, but ignites readily, and burns with a clear, 
yellow flame, like that of a candle. 

3. Anthracite Coal. In this variety all traces of 
its vegetable origin have been destroyed. It repre- 
sents the last stage of vegetable decomposition. It is 
a hard, compact substance, of black color, very lus- 
trous, and often iridescent, and less brittle than the 
bituminous. It contains little or no bitumen, is very 
difficult to ignite, and does not burn with a flame, but 
glows. It is sometimes called glance, or stone coaL 



Splint, or Hard Coacl. Does it kindle easily ? Describe Cherry,or Soft 
Coal. How does it ignite and burn ? Are traces of vegetable origin 
seen in Anthracite Coal ? What does it represent ? Describe it. Does 
it contain bitumen? How is it ignited? How does it bum? 
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The greater part of the coal found in Tennessee is 
bituminous in character. Its localities are elsewhere 
described. 



•0- 



CHAPTER VII. 

THE HISTORY OF THE ROCKS, IN POINT OF TIME. 

1. It is very evident, from what we have learned 
in the preceding chapters, that all the rocks which 
make up the crust of the earth, as we now find it, 
were not formed at the same time. This is especially 
true of the stratified rocks, since these were made by 
the action of the seas — building up at one time a 
stratum of one kind of rock, and at another, of a 
different kind, placing one upon the other. 

2. For in the various formations heretofore de- 
scribed, we find strata of different kinds of rocks — 
such as limestones, sandstones, conglomerates, &c. — 
built up on each other in regular order. It would 
appear evident, that in a series of strata, that stratum 
which is lowest in position is oldest in point of age, 

What other name is it known by? What kind of coal is found in 
Tennessee? What is the subject of Chapter Sixth ? Were all the 
rocks formed at the same time ? By what processes were stratified 
rocks formed? In what succession are they found built up? 
Which stratum is the oldest of any series ? What is important in 
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since it must have been formed before those which 
have been deposited upon it. 

3. Since the stratified rocks occupy the greater part 
of the surface of the earth, the study of the age of 
each of these is very important. It is one object of 
geology to determine the relative times of formation 
of the rocks which constitute the crust of the earth. 

4. The stratified rocks were, for the most part, 
formed, as we have seen, by the action of the seas, 
breaking down and building up in another form the 
unstratified. An uninterrupted process of this sort 
would have resulted in the formation of a succession 
of beds, placed one above the other, the first formecl 
being lowest in the scale. The relative ages of the 
rocks could then have been easily determined by their 
relative positions, 

5. But the processes of stratification did not, as we 
have learned, go on without interruption. Strata 
once formed were uplifted, folded, and distorted, 
themselves denuded, broken down, and their material 
used in the formation of new strata. Ejection of 
igneous matter from the interior of the earth occurred 
at various times, providing new material for the for- 
mation of new strata by the ceaseless action of the seas. 

studying stratified rocks? What is here mentioned as one ob- 
ject of Geology ? How did the action of the seas form the stratified 
rocks? What would this process, if not interrupted, have pro- 
duced? How could the relative ages have been determined ? Did 
the process go on uninterruptedly ? What violence happened to 
the strata? What influence of igneous matter were they subjected 
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6. A careful study of the rocks enables us to deter- 
mine the order in which these events occurred, and 
thus to establish the history, in point of time, of the 
rocks as they now exist. There are three points con- 
nected with the rocks which furnish information as to 
their relative ages. 

1®. The oi'der in which the strata are placed upon 
each other. Notwithstanding the great disturbances 
and changes to which they were subjected, the strata 
frequently give much information as to their relative 
ages by their order of arrangement. 

2^. The character of the rock. Although the same 
kinds of rocks were found at different periods, yet the 
composition of a rock frequently determines its source, 
or the rock from which it was made ; and if the age 
of the latter is known, that of the former may be, in 
part, inferred. 

3®. Fossils. In almost all sedimentary rocks there 
are found relics of ancient life, both animal and 
vegetable. These are termed /ossife. They comprise 
the bones, shells, and other remains of animals, and 
the leaves, stems, and other parts of plants. Fre- 
quently, where no fossils themselves are found, 
impressions of their forms are found imprinted 
upon the rocks. It generally happens that fos- 

to ? What does careful shidy of tke rocks enable us to do ? How 
many points furnish information of their relative ages? What is 
the first? What the second ? How may inferences be drawn from 
the rock's character? What is the third? What are termed 
fossils f W^hat do fossils comprise ? What are impressions ? Is it 
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eils are of such character as to determine at once 
the animal or plant to which they helonged At 
other times only part^ of the bodies are found, such 








Fig. 12. — A Carboniferous Fern (Sphenopterii Egjptiitca). 



as the single leaf of a tree, or the scale of a fish. 
In eucb cases, the skillful anatomist is generally able 
to form opinions as to the nature of the plant or 
animal represented by these relics, and, in some cases, 
to reconstruct them arti ficially. The information 
eas; to determine the character of a foseil '' What 'a Bhown in the 
ilUBtrationa? May the character of a plant or animal be known 
from a pari only? What knowledge ia gathered from fossils? 
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given by these fossil remains as to the ages of the 
rocks in which they are found, is highly important; 
and it is, in fact, mainly upon this means that geolo- 
gists rely to make out the history of the rocks. Let 
us examine the nature of the assistance they afibrd in 
this respect. 

If a rock be found containing great numbers of 
fossils of a particular kind, it is evidence that the 
animals or plants represented by these fossils existed 
upon the surface of the earth at the time when the 
rock was formed. The study of the nature of these 
animals or plants would disclose the peculiar condi- 
tions of atmosphere, climate, etc., that must have 
existed upon the earth when they possessed life. If, 
now, another rock should be found filled with similar 
fossils, it would be evidence that this was formed, 
either at the same time as the first, or when similar 
conditions existed. Other rocks, containing a differ- 
ent class of fossils, would evidence the necessity for 
different conditions on the earth's surface, to permit 
the existence of the beings represented by the fossils. 
The history of the rocks is, therefore, intimately con- 
nected with the history of the life that has existed at 
different times upon the earth. 

The fossils that have been found in the rocks repre- 

What do numerous fossils of a particular kind show? What would 
the study of them disclose? What would similar fossils found in 
another rock show ? If the fossils were different, what would be 
the inference? With what is the history of the rocks intimately 
connected? What do all the fossils known show? Are the forms 
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sent a great variety of life. The greater number of 
the forms have no existence at the present time, as 
they existed in previous ages. Some of them have 
become entirely extinct. Others still exist, but under 
such modified conditions that they bear but little 
resemblance to those of ancient times. Thus, though 
fshes existed in large quantities in some of the past 
geologic ages, they were generally very unlike in 
appearance to those now found in the waters of the 
earth. 

7. From a careful and long-continued study of the 
rocks themselves, and of the fossils which they con- 
tain, geologists have arrived at the following conclu- 
sions, which embrace the principles that are applied 
to determine the age of any particular rock relative 
to all the others. The principles yield, in their appli- 
cation to all the rocks, a connected history of the 
events and processes which, in proper order, gave 
to the earth's crust its present appearance. 

1®. Life upon the earth has been progressive. 

The first life that existed upon the earth was in the 
form of the lowest orders of animals and plants. 
This was followed by a progressive succession of 
higher and higher forms of life, until all orders and 
degrees of development had been reached in their 

of life now the same? What is remarked of the fishes? Whence 
have conclusions to follow heen drawn? What connected history 
is derived therefrom? Has life on the earth heen stationary? 
What was the first form of life on the earth ? How did others 
fc»11ow ? How was the highest point attained ? What classification 
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(urn^ and the highest poiut finally attained by the 

occupancy of the earth by man. 

It is especially in consequence of this conclusion, 
or principle, that we class together, chronologically, 
rocks which exhibit identity in the character of their 
fossil contents. 

8. It will be necessary for us at this time to take a 
hasty glance at the various orders, or sub-divisions, 
into which the different forms of life of the animal 
and vegetable kingdoms have been divided, in order 
to understand the divisions to which these have given 
rise in the history of geologic time. 

A. The Animal Kingdom. 

There are four different types of animals, in accord- 
ance with one or other of which all are constructed. 
Each type is susceptible of great variety, which is 
fully recognized in nature. These form the great 
" sub-kingdoms '^ of animal creation, as follows, be- 
ginning with the lowest : 

1. Badiates usually have a radiate structure, like 
a star or flower, round a central axis. They consti- 
tute a very important sub-kingdom, and comprise : 

{a) Kadiates proper, including the Polypifera or 
corals, and the soft, jelly-like Acalephs ; 

of the rocks does this lead us to ? What is necessary for us next to 
glance at ? How many types of animals are there ? Has each type 
great variety? What do these form? What are Radiates? How 
many classes of them? What arc Echinodermata ? How divided? 
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{b) Ecliinodermata, including the Crinoids, or " Sea- 
lilies ; " star fishes, sea-urchins, or Echinids, and Holo- 
thurians, or Sea-shigs. 

2. Molluslcs. These are soft-bodied, and are usually^ 
inclosed in a hard shell. The common oyster is a 
mollusk. 

There are six classes — Bryozoans (moss-like ani- 
mals) ; Brachiopods (arm-footed) ; Conchif ers (having 
shells) ; Gasteropods (body-footed) ; Pteropods (wing- 
footed), and Cephalopods ^ead-f ooted). The Brachio- 
pods and Conchifers are enclosed in a double shell, 
and are hence called bivalves. The oyster, so popular 
as an edible, and the mussel, so abundant in our rivers 
in Tennessee, are bivalves. 

3. Articulates. These have a jointed structure, 
made up of a series of rings. 

There are three principal classes: Insects, Crusta- 
ceans, and Worms. The Crustaceans are enclosed in 
a shell, as the crab. 

4. Vertebrates. This is the highest type, and is dis- 
tinguished by having an internal jointed arrangement, 
usually of small bones, called a bachbone. 

There are five classes : Fishes ; Amphibians ; Rep- 
tiles; Birds; and Mammals. Mammals suckle their 
young. There are three principal orders of fishes: 
Teliosts, Ganoids, and Selachians. 

What are Polyps ? What do their bones form ? What are Mol- 
lusks ? What are oysters ? How many classes of Mollusks arc 
there? What are bivalves? How are Articulates formed? How 
many classes of them ? What is a crab ? What are Vertebrates ? 
How distinguished ? What classes of Vertebrates are there ? How 
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^here is a class of animals called Protozoans^ 
ioclading the sponges and other similar animaIS| 
which seem to have no distinct plan of structure. 

^e highest form of animal life is, therefore^ the 
Himmal; the lowest, the Protozoan. 

B. The Vegetable Kingdom. 

There is bat one type of structure among plants — 
the radiate. There are two important sub-divisions 
in this kingdom : 

1. Cryptogams. These have no distinct flower or 
fniit. There are three classes: Ihallogens, (sea 
weeds, etc.) ; Anogens, (mosses, etc.) ; Acrogens, 
(ferns, etc.) 

2. Phenogams. These have distinct flowers and 
seed. There are three classes : 

(a) GymnospermSy having simple flowers and naked 
seed, as the pine, spruce, etc. There are three orders: 
(1) Conifers; (2) Cycads, and (3) Sigillarids. 

(b) AngiospemiSy having regular flowers and covered 
seed, as the apple, elm, maple, etc. 

(c) EndogenSy having regular flowers and seed, but 
without bark, and with no rings of growth ; such as 
palms, reeds, grasses, etc. 

many orders of fishes are there ? What are Protozoans? What is 
the highest type of life? What the lowest? How many types of 
vegetable structure? What is it? What sub-diyisions are there? 
What are Cryptogamous plants ? Into what three classes are they 
divided ? What are Phenogams ? How many classes of them ? 
What are Gymnosperms ? What orders are they divided into ? 
What are Angiosperms ? What are Endogenous plants ? What 
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2®. From the first appearance of life upon tb^ 
earthy as various forms — ^higher in their order or 
structure than those which preceded them — followed 
each other in regular order of succession and devel- 
opment, it appears that there were certain great 
periods of time characterized by the prevalence of 
certain forms of life, in great excess over all others. 
The excessive prevalence of certain types of animals 
or plants, throughout certain periods, is accepted as a 
second well-sustained conclusion deduced from the 
examination of the rocks, and as a principle to guide 
geologic study and research. 

Historical Geology (as this branch of our study is 
termed), is therefore divided into a number of sub- 
divisions, called ageSy corresponding to the periods of 
time characterized by the prevalence of certain 
distinct types of animal or vegetable life; and to 
these sub-divisions names arc given, expressive of the 
several types then prevalent. 

The Azoic or Archaean Age denotes a time when 
no life^ or life's rudiments merely, existed on earth. 

The Silurian Age, or Age of Mollusks, denotes a 

period when mollusks, in great variety, were the 

prevalent type. 

The Devonian Age, or Age of Fishes, denotes the 
age when fishes were very abundant. 

is observed of the excess of certain forms of life at times ? How 
does Geology reveal such excesses ? To what does this guide us ? 
What is Historical Geology? Into what is it divided ? How are 
the Geologic ages designated ? What is meant by the Archaean age ? 
What is denoted by the term /S'i/wnan age? The Devonian age? 
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The Carboniferous Age, or Age of Coal-plants, 
denotes an age when vegetation of all descriptions 
was very luxuriant. 

The Reptilian Age, or Age of Reptiles, and the 
ildmmalian Age, or Age of Mammals, denote periods 
^'hen reptiles and mammals were the prevalent types 
of life. 

The forms of life which were dominant in the three 
ages first mentioned after the Azoic, are very ancient 
in character, and present little or no resemblance, in 
most cases, to those forms of the same types which 
now exist. They are, therefore, grouped together 
under the name of the Palceozoio Time, a name 
signifying " ancient life/^ 

The life of the Reptilian Age was more modern in 
its character than that of preceding ages; and it 
is therefore classed as the Mesozoic Time, (middle- 
life). The Mammalian Age produced the highest 
types of life that immediately preceded the advent 
of man upon the globe, and it is therefore termed the 
Cenozoic Time, (recent life). 

Even during the several ages mentioned above, life 
on the earth underwent certain changes, among the 
dominant types, as well as among those of less im- 
portance. Certain orders of life, under the same 
type, were more prevalent at one time than another. 

The Ckrhimiferma age? The Keptilian? The Mammalian? 
What character had the forms of life dominant in the first three 
ages? Under what name are they ecrouped? What is the age of 
Keptilian life termed? The Mammalian? Why these names? 
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Moreover, at certain times in these ages, great evei 
transpired, such as violent upheavals and distortio 
of strata already formed, or then forming. The. 
put an end to the peculiar circumstances which existe 
in the past, and under which the strata were formed 
and furnished a basis for a new work of formation 
which was to go on in the future. 

The ages have, therefore, been sub-divided into 
smaller portions of time called periods. 

The periods have also been sub-divided into por- 
tions of less duration, termed epochs. The names 
given to these periods and epochs differ in different 
countries, but they are generally derived from certain 
geographical localities near which occur strata ot 
different rocks, containing the fossils or other e^^' 
deuces on the nature of which the divisions of ti*''^^ 
are based. The portions of time represented by *^^ 
divisions are generally, however, in all cases ^ 
same. The following table exhibits the classificat>^^^ 
of periods and epochs, based, in the main, upon "^ 
geology of the northern part of the State of ^ST^^ 
York. This classification is now generally adoptr^ 
for the entire TInited States, including the State ^ 
Tennessee, and is proper to be used in studying it^^ 
Geology of Tennessee. 

What ch anges went on within these several ages ? What great eren^ 
transpired ? State the effect of these events. Into what are the G^ 
ologic ages Fub-divided ? How periods sub-divided? Whence are 
names of periods and epochs mostly derived ? What does the folloir- 
ing table exhibit? Where is this classification generallj adopted? 
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9. It must be remembered that there is no sharp 
line of demarkation between these divisions of geo- 
logic time so that we may tell exactly where one ends 
and the next begins. They fade into each other by 
degrees and imperceptibly, so that it is frequently 
very difficult, and sometimes impossible, to determine 
precisely from the fossils and other characters of a 
rock, to what epoch, period, or even age, it belongs. 

10. And finally, we may say, that in the classifica- 
tion of geological portions of time, no attempt is, 
or can be, made to determine how many year% or 
centuries is represented by each. The ages are merely 
relative to eacjh other. Historical Geology is, there- 
fore, more properly a history of order and succeasm 
than of time. 



Are these Geological divisions of time sharply marked ? How 
are they connected with each other ? Is it easy to determine ex 
actly where all objects belong? Are these divisions of Geologic 
time measurable by years or centuries ? What relation have these 
ages? Of what, then, does Historical Geology properly consist? 



Elementary Geology of Tennessee, 91 



CHAPTER VIII, 

HISTORICAL ACCOUNT OF THE ROCKS OF TENNESSEE. 

1. We have now studied the composition and struc- 
ire of the rocks, and the principles and methods em- 
ployed to determine their relative ages, and have pre- 
sented a scheme or table of the ages, periods, and epochs, 
which serves to classify the rocks formed at different 
times. Let us now examine the character of the 
various physical divisions we have noted for the 
State of Tennessee, and apply what we have learned 
concerning rocks generally, to the particular rocks of 
the different sections. ^ 

1. The Mississippi Bottom, 

2. The geological character of the surface of this 
division is very simple indeed. 

It is covered with a horizontal stratum of rock 
which is nearly uniform in composition, and which 
has been formed during the most recent epoch of the 
age of man. It has been formed, in fact, by the 
deposition of mineral matter (called, in such cases, 
detritus), from the great river which courses through 



What is the subject of Chapter Seventh? What have we now 
studied? What shall we examine next? What is said of the 
Mississippi Bottom in Tennessee ? With what is it covered ? How 
was this formed? What is the geological name of the mineral 
matter composing it ? What is this kind of formation called ? 
5 
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this section, during repeated overflowings and chjCngings 
of its channel. Such a formation is termed alluvial^ 
and is always found to some extent along the beds 
and banks of existing rivers. The Mississippi Bottom 
is a great alluvial plain, of strongly marked character. 
It contains but few fossils, and these are all of exist- 
ing and modern types of life. 

II. TJie Plateau of West Tennessee. 

3. In ascending the bluffs which separate the river 
bottom from the Plateau, outcroppings of several 
distinct formations are encountered, all of which, 
however, belong to very recent times, and are in- 
cluded in the Post-Tertiary Period. The lowest of the 
formations consists of beds of laminated sands and 
clays, containing distinct, but small, beds of "lignite." 
This formation, which is about one hundred and fifty 
feet in thickness, has been termed the "bluff lignite," 
and outcrops at other points in the State. Above it 
lies a formation, from ten to fifty feet in thickness, 
called the "bluff gravel," consisting of beds of sili- 
cious sand and gravel. Similar formations, of the 
same age, are met with elsewhere in the State. The 
topmost formation that crowns the bluffs consists of a 
bed of light, ash-colored or yellowish loamy generally 

Where found? What is said of the Mississippi Bottom? Has it 
many fossils ? In what geological period is the Platean of West 
Tennessee embraced ? Of what does the lowest of these formations 
consist? How thick is the bed of lignite? What is it termed? 
What is bluff gravel? How thick, and of what does it consist? 
Are such found elsewhere in Tennessee? What is the topmost 
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silicious, but sometimes highly calcareous in charac- 
ter. The thickness of this formation — called the 
"bluff loam^^ — is from fifty to one hundred feet, 
along the face of the bluff. 

But few fossils are presented by the formations 
named above, and these are of modern forms of life, 
and evidence the recent period to which the rocks 
belong. 

4. Leaving the bluffs, and traveling eastward across 
the Plateau, for a distance of about twenty-five miles 
the surface is found to be covered with the bluff loam 
formation, furnishing a strong and fertile soil, well 
adapted to agricultural purposes, and, in many places, 
heavily timbered. At the distance mentioned from 
the bluffs, there are encountered extensive beds of 
light-colored sand, orange, yellow, white, and some- 
times red, occasionally interstratified with the beds of 
light-colored clays. These are in some localities 
separated from the bluff loam by thin outcroppings 
of the "bluff lignite'' formation. These beds run 
entirely across the State, forming a belt from forty to 
fifty miles in width. In the eastern part of this belt 
the rocks are somewhat laminated and slaty, and beds 

of soapstone are occasionally found. Fossils are rare, 
\ 

formation that crowns the bluffs? Wliat is the thickness of this 
bluff loam ? Leaving the bluffs, what breadth of plateau is crossed ? 
What is the character of soil? What geological features are en- 
countered ? How are these clays sometimes separated from the bluff 
loam? What breadth and extent has this formation ? What is the 
character of rocks in the eastern part of it? To what Period and 
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this section, during repeated overflowings and chstngings 
of its channel. Such a formation is termed alluvial, 
and is always found to some extent along the beds 
and banks of existing rivers. The Mississippi Bottom 
is a great alluvial plain, of strongly marked character. 
It contains but few fossils, and these are all of exist- 
ing and modern types of life. 

II. The Plateau of West Tennessee. 

3. In ascending the bluffs which separate the river 
bottom from the Plateau, outcroppings of several 
distinct formations are encountered, all of which, 
however, belong to very recent times, and are in- 
cluded in the Post-Tertiary Period. The lowest of the 
formations consists of beds of laminated sands and 
clays, containing distinct, but small, beds of "lignite.'^ 
This formation, which is about one hundred and fifty 
feet in thickness, has been termed the " bluff lignite,'^ 
and outcrops at other points in the State. Above it 
lies a formation, from ten to fifty feet in thickness, 
called the "bluff gravel,^^ consisting of beds of sil.i- 
cious sand and gravel. Similar formations, of the 
same age, are met with elsewhere in the State. The 
topmost formation that crowns the bluffs consists of a 
bed of light, ash-colored or yellowish loarriy generally 

Where found? What is said of the Mississippi Bottom? Has it 
many fossils ? In what geological period is the Plateau of West 
Tennessee embraced ? Of what does the lowest of these formations 
consist? How thick is the bed of lignite? What is it termed? 
What is bluflf gravel? How thick, and of what does it consist? 
Are such found elsewhere in Tennessee? What is the topmost 
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III. The Western Valley. 

6. Within the western valley of the Tennessee Riv- 
er there are presented three principal geological ibr- 
mations. 

1^ Along the course of the river, extending a short 
distance on both sides, are alluvial deposits, furnish- 
ing a fertile soil with valuable agricultural features. 

2**. Along the bases of the ridges which line the 
valley on both sides, and occasionally extending some 
distance into the valley itself, are beds of a light-blue 
limestone, often shaly in character, and occupying a 
position nearly horizontal. The formation is gener- 
ally rich in fossils — principally marine shells — which 
show its age to be that of the Lower Helderberg 
Period of the Silurian Age. 

3^. The main part of the valley proper is covered 
with thick beds of fine-grained limestones, sometimes 
argillaceous, and often shaly. The upper beds of the 
formation are usually of a light-grey color, and the 
lower are variegated. The beds are, for the most 
part, nearly horizontal in position. These beds are 
also very rich in fossils, which are principally sponges 
and flattened shells of marine origin. The character 

character of the soil'? How many Geological formations are pre- 
sented in the Western Valley of Tennessee Kiver? What is the 
first? The second? What character has this limestone? Situa- 
tion? What fossils does it contain? Of what Period and Age? 
What is the main part of the valley covered with ? Of what colors 
are these? In what position are the beds? What fossils do they 
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of the fossils proves the formation to be of tbe age of 
*lic Niagara Period of the Sihirian Age. 




Fig. 13. — Frngment of Enctinital Llmeelone, Niagara reriud. 

The smaller valleys of the numerous tributaries 
that feed the Tennessee River, cutting their channels 
through the highlands on either side, present the same 
general geological features as the main valley. 

IV. Th£ Highland Rim. 

7. The entire surface of the Highlands of Middle 
Tennessee, surrounding the Central Basin on every 
side, is covered with a series of rocks, vhich diETer 
somewhat among themselves, but all belong to one 
and the same formation. These rocks are everywhere 
characterized by their distinctly silictous character; 
but are sometimes fine sandstones, sometimes silicious 
limestones, and sometimes silicious shales. A few are 

contain? To what Age and Period does this formation belong? 
What does tlie illustrntjon represent ? With what is the Highland 
Rial covered? Are thej all alike? Bo thcjr belong to the aame 
formation ? What is the character of these rocka? What varieliea 



Elementally Geology of Tennessee. 95 

• III. The Western Valley. 

6. Within the western valley of the Tennessee Riv- 
er there are presented three principal geological ibr- 
mations. 

1^ Along the course of the river, extending a short 
distance on both sides, are alluvial deposits, furnish- 
ing a fertile soil with valuable agricultural features. 

2®. Along the bases of the ridges which line the 
valley on both sides, and occasionally extending some 
distance into the valley itself, are beds of a light-blue 
limestone, often shaly in character, and occupying a 
position nearly horizontal. The formation is gener- 
ally rich in fossils — principally marine shells — which 
show its age to be that of the Lower Helderberg 
Period of the Silurian Age. 

3^. The main part of the valley proper is covered 
with thick beds of fine-grained limestones, sometimes 
argillaceous, and often shaly. The upper beds of the 
formation are usually of a light-grey color, and the 
lower are variegated. The beds are, for the most 
part, nearly horizontal in position. These beds are 
also very rich in fossils, which are principally sponges 
and flattened shells of marine origin. The character 

character of the soil'? How many Geological formations are pre- 
sented in the Western Valley of Tennessee Kiver ? What is the 
first? The second? What character has this limestone? Situa- 
tion? What fossils does it contain? Of what Period and Age? 
What is the main part of the valley covered with ? Of what colors 
are these? In what position are the beds? What fossils do they 
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in Middle Tennessee, are all possessed of the same 
general geological features, 

9. On descending into the Basin from the High- 
lands on the west, the outcroppings of several forma- 
tions are crossed. The silicious rocks, above described, 
form the cap-rock of the highlands around the Basin. 
These have a depth facing the descent of seventy-five 
to one hundred and fifty feet. Immediately below 
these are found narrow beds of a black, tough shale 
or slate, presenting a width at this outcropping of 
fifteen to twenty-five feet. This formation, called the 
"black shale," underlies nearly the entire State, in 
beds of various thickness, and outcrops at a great 
many points. It consists of an argillaceous shale of a 
nearly black color, and contains a large quantity of 
bituminous matter, the presence of which causes it to 
bum to some extent when ignited. It is frequently 
associated with thin layers of argillaceous, concretion- 
ary bodies, and fine-grained, bituminous sandstones. 
The characteristic fossil of this formation is a peculiar 
lingula, (a brachiopod shell), which occurs in consid- 
erable quantities, and which indicates that the age of 
this formation is probably that of the Hamilton 

region presents the same general features ? Descending into the 
Basin, what do we see? What forms the cap-rock of the Highland 
rim ? What depth has this formation ? What is found next below ? 
What thickness? The name of this? What extent has it ? Of 
what does it consist? With what is it frequently associated? 
What is the characteristic fossil of this formation? What does it 
indicate? What does the shale contain? What does decomposi- 
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Period of the Devonian Age. The shale contains 
quantities of iron pyrites and other minerals, which 




Fig. 14. — Lingula antiqua. 

^y their decomposition, furnish alum and copperas^ 
^tid yield sulphur to numerous sulphur springs, which 
^ave their origin in this formation. 

10. Immediately below the black shale is found an 
Outcropping of the Niagara limestones, before de- 
^f^ribed, having a width of about seventy-five feet, 
^cing the descent. 

11. Beneath this outcropping are encountered beds 
of a light-colored limestone, which cover the remain- 
der of the slope, and extend a considerable distance, 
on all sides, into the Basin itself. This formation 
constitutes one of the principal geological features of 
this section of the State. The limestones are usually 
of a light blue color, but sometimes are greenish, 
yellowish, or dove-color. Occasionally the limestones 
are somewhat silicious and shaly, producing, on 

tion yield ? What next is found below the shale ? What width or 
thickness has this formation ? Beneath the Niagara limestonea 
what is found? What does this constitute? Describe these lime- 
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in Middle Tennessee, are all possessed of the same 
general geological features. 

9. On descending into the Basin from the High- 
lands on the west, the outcroppings of several forma- 
tions are crossed. The silicious rocks, above described, 
form the cap-rock of the highlands around the Basin. 
These have a depth facing the descent of seventy-five 
to one hundred and fifty feet. Immediately below 
these are found narrow beds of a black, tough shale 
or slate, presenting a width at this outcropping of 
fifteen to twenty-five feet. This formation, called the 
"black shale,^^ underlies nearly the entire State, in 
beds of various thickness, and outcrops at a great 
many points. It consists of an argillaceous shale of a 
nearly black color, and contains a large quantity of 
bituminous matter, the presence of which causes it to 
bum to some extent when ignited. It is frequently 
associated with thin layers of argillaceous, concretion- 
ary bodies, and fine-grained, bituminous sandstones. 
The characteristic fossil of this formation is a peculiar 
lingula, (a brachiopod shell), which occurs in consid- 
erable quantities, and which indicates that the age of 
this formation is probably that of the Hamilton 

region presents the same general features ? Descending into the 
Basin, what do we see? What forms the cap-rock of the Highland 
rim ? What depth has this formation ? What is found next below ? 
What thickness? The name of this? What extent has it? Of 
what does it consist? With what is it frequently associated? 
What is the characteristic fossil of this formation? What does it 
indicate? What does the shale contain? What does decomposi- 
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Period of the Devonian Age. The ehale contains 
quantities of iron pyrites and other minerals, which 




Fig, 14. — Litigula »ntiqua. 
by their decomposition, furnish alum and copperas, 
and yield sulphur to numerous sulphur springs, which 
have their origin in this formation. 

10. lEamediately below the black shale is found an 
outcropping uf the Niagara limestones, before de- 
scribed, having a width of about seventy-five feet, 
&ciDg the descent. 

11. Beneath this outcropping are encountered beds 
of a light-colored limestone, which cover the remain- 
der of the slope, and extend a considerable distance, 
on all sides, into the Basin itself. This formation 
constitutes one of the principal geological features of 
this section of the State. The limestones are usually 
of a light blue color, but sometimes are greenish, 
yellowish, or dove-color. Occasionally the limestones 
are somewhat silicious and shaly, producing, on 

tion yield? What next is found below thesliakr What width or 
thickneM has this formation? Beneath the Niagara limestone* 
whatisfonnd? What does thJBConatitute? Describe theselimfr 
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weathering, earthy masses of yellowish or buff color, 
but this is rare. The rocks of this formation are 
comparatively rich in fossils, which are of a character 
to show that, in age, it belongs to the Hudson Period 
of the Silurian Age. The city of Nashville, the 
capital of the State, is located upon a bed of blue 
limestone of this formation. 

12. Adjoining these Hudson limestones, and sur- 
rounded by them on every-side, the entire central part 
of the Basin is covered by a formation, very similar 
in the general appearance of its rocks to the one 
which surrounds it, but differing from it in point of 
age, as shown by the fossils which it contains. These 
prove it to belong to the Trenton period of the Silu- 
rian Age. The rocks of this formation are mainly 
blue limestones, sometimes silicious or argillaceous in 
character, and occasionally shaly. Occasionally, also, 
beds of red and gray limestones are met with. 

1-J. The rock-beds of the Hudson and Trenton for- 
mations, within the Basin, occupy a position nearly 
horizontal. By their decomposition they furnish a 
soil of great richness, which renders this section per- 
haps the most fertile (excepting the river bottoms) of 
the entire State. 



stones. What do these rocks contain? To what Period and Age 
do they belong ? What City is seated on this formation? What 
is found adjoining the Hudson limestones ? In what respects agree- 
ing with these ? In what differing ? How is this difference Bho¥m ? 
Where do the fossils show it to belong? Describe the rocks of tliis 
formation. What position do the Hudson and Trenton formations 
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14. In paasing out of the Basiu^ goiug eastxvscrd^ an 
outcroppiDg of the black shale is encounter§cl:in the 
line of ascent^ immediately overlying the -ifudson 
limestones; the outcropping of the Niagara formation 
found on the western side of the Basin being abs'cyit 
on the eastern. Above the beds of black shale, ^eur 
the silicious rocks of the Lower Carboniferous fofipjv- 
tion, capping the ridges which line the Basin, and ex-^ 
tending eastward, as the surface rock of this part of 
the Highland Rim. V- -. 

VI. The Cumberland Table-land, 

15. This great physical feature of the State consists ' 
of a number of strata of rocks of various descrip- 
tions, placed horizontally uj)on each other, forming a 
huge, massive block of rock material. At certain 
points these strata have been uplifted and folded over, 
forming the mountains and high ridges which occur 
upon the table-land. In ascending from the highland 
plain below to the top of the table-land, therefore, the 
edges of these strata, as they outcrop along the steep 
face of the ascent, will be crossed. As a rule, the 
succession of the strata, one upon the other, is very 
regular, and is essentially the same for the greater 

occupy ? What does their decomposition furnish ? Going East- 
ward, what is encountered? What does this overlie? Is the 
Niagara formation here found? Above the Black Sliale, what 
occur ? What is said of the situation of Silicious rocks ? Of what 
does the Cumberland Table-land consist? What is seen in certain 
parts of it ? What is seen in ascending to the top of the Table- 
land? Is the succession of these strata regular? Me«tion the 



102 - 'Elementary Geology of Tennessee. 

part of -tte' table-land. The following order is gen- 
erally Vjb^rved : 

l*^..*TjSe silicious limestones covering the Highland 
Rini;4it the base of the Table-land, present an addi- 
tion^ Outcropping, extending from fifty to one hund- 
red Vnd fifty feet up the face of the ascent. 

*2^.* Above these occur beds of ordinary limestone, 
frequently shaly, and occasionally argillaceous. These 
have a thickness of from one hundred and sixty to 
.i\fro hundred and seventy feet. 
- 3®. A fine-grained sandstone next occurs, sometimes 
laminated and flaggy, and from ten to fifty feet in 
thickness. 

4^. Beds of blue limestones , sometimes argillaceous 
and shaly, from ninety to one hundred and seventy 
feet in thickness, are next in order of occurrence. 

5°. Argillaceous limestoneSy fine-grained, and of a 
bluish-gray color, usually interstratified with beds of 
shale, are next above, in beds from sixty to one hund- 
red and fifty feet in thickness. 

6°. Marls and shales, variegated in color, with oc- 
casionally a layer of limestone, next occur, in a de- 
posit from fifty to one hundred and thirty feet thick. 



order in which these occur. Tlie first? What extent up the face 
of the ascent does this occupy? What next occurs, ascending? 
What thickness? What is found, thirdly, in ascending? Of what 
thickness? Describe it? What fourth? Describe them? Fifth? 
Describe them. What thickness has the Argillaceous Limestone? 
In the sixth place, what is found? What depth of deposit? 
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7^ A stratum of crinoidal limestone, with more or 
shale, is next above, from four to seventy feet in 
thickness. 

The beds of rocks thus far described, lying above 
the silicious limestone first mentioned, are generally 
classed together, forming a group called the "Moun- 
tain Limestone Group/' They are generally rich in 
fossils, which show them to belong to the Lower Car- 
boniferous Period of the Carboniferous Age. 

Above the mountain limestone, there are outcrop- 
pings of a number of different strata to be crossed 
hefore the top of the table-land is reached. These, 
taken together, constitute, in general, three groups, 
Occurring in the following order: 

8®, A group called the "Lower Coal Measures,^' 
Consisting of alternate beds of sandstones and shales, 
^Vith thin seams of stone coal occasionally interstrati- 
^ed. The thickness of the entire group varies from 
^^n to three hundred feet. 

9^ A group called the "Conglomerate,'' consisting 
Cif several strata of silicious rocks, generally abound- 
ing in small, rounded, white, quartz pebbles. This 
group usually forms the surface of the Table-land 
immediately about the cliffs and crested edges at the 
top of the slope of ascent, extending back — as the 

What seventh, and of what thickness? What are these seven 
formations, classed together, termed ? To what Period and Age do 
they belong? Above the Mountain Limestone, what next? How 
many groups must be crossed before reaching the top? What is 
the eighth group called? Describe it. What the ninth? Of 
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surface — to a greater or less distance from the bluff 
margin. 

10^ Resting upon the conglomerate, and forming 
the main top-surface or floor of the Table-land proper, 
is a group called the " Upper Coal Measures,^^ consist- 
ing essentially of several strata of sandstones, inter- 
stratified with frequently occurring beds of shale and 
clay, with numerous seams of stone coal, and, occa- 
sionally, thin beds of crinoidal limestones. The 
thickness of the entire group is from two hundred 
to three hundred feet. 

The three groups just described, taken together, 
constitute a formation known as the " Coal Measures.'^ 
They afford numerous fossils and other indications, 
which show that this formation belongs to the later 
periods of the Carboniferous Age, probably, in most 
part, to the Carboniferous Period. 

This formation is the source of all the coal found 
in the State. The seams of coal generally vary in 
thickness from a few inches to six or eight feet. 

The mountain ranges which occur on the Table- 
land were formed by the folding over, in anticlinal 
ridges, of the strata and formations above described. 
Frequently, in these ranges, outcroppings occur of the 

what does the Conglomerate consist ? What does this form ? How 
far does it extend? What is found in the tenth place? Upon 
what does it rest? Of what do the Upper Coal Measures consist? 
What is the thicknefs of these ? What are these three groups, 
taken together, called? What do they afford? To what Period 
and Age do these belong ? Where is all the coal of the State found? 
Of what thickness are the seams? How were the mountain-ranges 
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strata which underlie the flat surface of the Table- 
land proper. 

The Sequatchie Valley, which cuts through the 

Table-land in the form of a long, narrow gorge, 

exposes outcroppings of the strata above mentioned, 

and, in its lower, or bottom portion, has much the 

Same geological formation as the Central Basin. 

VII. The Valley of JEast Tennessee. 

In descending from the Table-land on the eastern 
side, nearly the same alternations of strata are encoun- 
tered as were found outcropping on the western side, 
^hen the bottom of the descent is reached, and w^e 
come into the Valley of East Tennessee, we find a 
region presenting great diversity in geological features. 
In this section all the strata dip from the surface with 
angles of steep inclination, so that in crossing the 
country, we travel over the edges of numerous out- 
cropping strata. The greater part of these outcrop- 
pings, however, are not of different strata, but of the 
same strata, coming to the surface at different points, 
a number of them being folded under the surface in 
many places in the form of synclinal folds. Without 
classifying the strata in the order in which the out- 

of the Table-Land formed? What frequently occur in Ihein? 
What form has Sequatchie Valley? What does it expose ? What 
geological character has its lower portion ? Descending from the 
Table-Land Eastwardly, what is found ? What is reached at the 
bottom of the descent? What do we find presented ? What posi- 
tion characterizes the strata of this region ? How do we travel 
over them ? Are these edges of different strata ? What are they ? 



106 Elementary Geology of Tennessee, 

croppings occur, we may mention the character of the 
principal rocks which occur in this section. 

By far the greater part of the surface is made up 
of the outcroppings of rocks which, judged from the 
fossils which they yield, and other indications, belong 
to the Potsdam Period of the Silurian Age. They 
are, therefore, very old rocks. The rocks of this 
formation are mainly of three kinds, viz : sandstones, 
shales, and dolomites, (magnesian limestones). This 
threefold character of the rocks is well exhibited in 
the region immediately about the city of Knoxville, 
hence the name "Knox group ^^ has been applied to 
them. 

The Knox Dolomite occupies much the largest part 
of the surface of the Valley. It is a light grey, fine- 
grained rock, sometimes light blue or variegated in 
color. When massive, it is frequently wrought for 
marble and building stone. It is sometimes argilla- 
ceous and shaly, and occasionally is weathered to a 
loose sand. It yields many fossils of distinct types. 
The beds are, as a rule, of great extent and thickness. 
The land above these rocks is very fertile. 

How formed ? What will be mentioned of them ? What makes 
up the greater part of the surface? By what shall we judge their 
age? To what Period and Age do they belong? Are they old 
rocks? Of how many kinds are they ? What are these? Where 
is this character well exhibited ? What name for this group is 
hence applied? What occupies the greater part of the valley's 
surface? Describe the Knox Dolomite? For what is it wrought? 
In what other forms is it seen? What fossils has it? What is 
said of the beds? How is the land above them ? Of what does the 
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The Knox Shale consists of beds of argillaceous 
shale of variegated appearance, generally interstrati- 
fied with thin layers of oolitic limestone and dolomite. 
It is usually a soft rock, easily weathered, and form- 
ing a fertile soil. 

The Knox Sandstone consists essentially of heavy, 
massive sandstones, both fine and coarse-grained, 
associated with thin layers of hard shales and fine 
sandstones. The heavy sandstones are sometimes 
quartzose, and occasionally contain green grains. 
The rocks are sometimes jaspery, and often yield 
beautiful specimens of jasper and chalcedony. Ripple 
marks and evidences of beach-structure are occasion- 
ally found. These rocks are usually of great thick- 
ness. 

The rocks of the three divisions of the Knox 
group, above described, sometimes occur associated 
together, forming the surface of the Valley, but are 
frequently separated from each other by strata belong- 
ing to other formations. 

Next in importance to the rocks of the Knox 
group, there are presented in this section outcroppings 
of the limestones and shales of the Trenton and 
Hudson formations, (elsewhere described), which 
occur at intervals, as we cross the Valley, traveling 
from west to east. These outcroppings are sometimes 
of great width — especially in the western part of tKe 

Knox Shale consist? What is said of its properties? Of what 
does the Knox Sandstone consist? What beautiful specimens do 
they yield sometimes ? What marks are sometimes found on them ? 
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Valley — and sometimes are narrow seams of little 
extent. 

In addition to those described above, rocks of the 
Niagara, Lower Carboniferous, Black Shale, and other 
formations, also occur, to a slight extent, outcropping 
in the Valley. 

VIII. The Unaka Chain, 

The rocks which make up. the great masses of high 
mountains, ridges, and elevated plains in the extreme 
eastern part of the State, which we have grouped 
together under the name the " Unaka Chain,^^ may be 
divided into two classes — the stratified and the meta- 
morphic. 

1. The stratified rocks are mainly sandstones, con- 
glomerates, and slates, and were all formed during 
the same period of time, viz : the Potsdam Period of 
the Silurian Age. 

The sandstones are a very marked feature of this 
section, and consist of heavy, massive sandstones, 
often dark, but generally a light gray, and containing 
great beds of light -colored quartzite. Sandy shales 
and thin flags are often interstratified. Some of the 
sandstones are coarse, and resemble fine conglomer- 

Are these rocks thick ? How do these three diyisions sometimes 
occur? How otherwise? What next in importance are found? 
What is said of the width of these outcroppings? What other 
rocks occur to a slight extent ? What is meant by the Unaka 
chain ? Into what classes may these rocks be divided ? Of what 
are the Stratified rocks composed? To what Period and Age do 
they belong? What is said of the Sandstones here? Of what do 
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sites. Worm holes and sea- weed impressions are the 
fossils which they yield in great numbers. The sand- 
stones constitute the surface rock of a number of the 
great mountains. 

The conglomerates are silicious and generally form 
massive beds, containing coarse pebbles of quartz and 
feldspar. Occasionally they are of finer texture. 
Particles of chloritic and talcose slates are frequently 
found imbedded in the conglomerate. 

The slates usually occur in beds alternating with 
the conglomerates. They are principally talcose and 
chloritic, of light colors — blue or greenish. 

They are essentially argillaceous, and . occur in 
thick, heavy beds, occasionally associated with a thin 
layer of limestone or calcareous pudding-stone. The 
weathering of the slate furnishes, at some points, beds 
of clay, and sometimes, of quartz sand. Many of the 
highest mountains of the State are made up entirely 
of the conglomerates and slates above mentioned. 

A massive structure is characteristic of the rocks 
of this section. 

2. The metamorphic rocks occupy a very limited 
area in the State, and are confined to very small 
sections which occur along the eastern border of the 
Unaka Chain. They are found at no other point in 

they consist? Describe them. What do they contain ? What are 
often inter-stratified? Describe some of these sandstones. What 
fossils? What do these sandstones constitute? Describe the Con- 
glomerates? How are they found occasionally? What is fre- 
quently found imbedded in this Conglomerate ? How do the Slates 
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the State, but occur to a considerable extent beyond 
the State line in North Carolina. 

The rocks, which are crystalline and occur in strati- 
fied beds, are chiefly gneiss, mica'Slate, and talcose-- 
slate. They are sometimes syenitic. The position of 
the rocks and other considerations, indicate that they 
are of the same age as the sandstones, slates, etc., 
which adjoin them, and from which they were prob- 
ably formed, by metamorphic action. 

These rocks furnish some of the most important 
minerals and ores found in the State. The Ducktown 
Copper Mines, in Polk County, are located in the 
metamorphic rocks. 

occur? Of what kinds are they? What are they, and how do they 
occur ? What does the weathering of the slate furnish ? Of what 
are many of the highest mountains formed ? What characterizes 
the rocks of this Section ? What is said of the area and limit of 
the Metamorphic rocks? Are they found elsewhere in the State? 
Beyond it? What rocks are crystalline? How do they occur? 
What character have these rocks sometimes? How is their age 
indicated, and what is their age? How were they probably 
formed? What do these rocks furnish? What important mines 
are located in them ? 
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CHAPTER IX. 

DYNAMICAL GEOLOGY. 

We come now to examine the agencies which, op- 
erating through a long series of ages, have given to 
the State the rock beds, formations, and physical fea- 
tures we have described. That branch of geology 
that treats of the changes that occur in the crust of 
the earth, and of the causes or agents which produce 
those changes, is termed Dynamical Geology. 

As has already been in part explained, the three 
great agencies that have acted in times past to modify 
and change the character of the surface of the earth, 
are Heat, Water, and Life. These agencies are even 
now at work, producing the same character of changes 
in the present crust of the earth. 

I. Heat. It is the great heat of the interior of the 
earth that has been especially active in producing 
changes and modifications of the surface. The exist- 
ence of a very high temperature in the interior, be- 
neath the crust of the earth, is proven by a number 
of natural phenomena, such as the eruptions of volca- 
noes, geysers, hot springs, the increase of temperature 
with increase of depth in the rocks of the crust, the 
crystalline character of the lowest rocks, &c. 

What do we propose to examine next? What does Dynamic 
Geology treat of? What great agencies modified the earth's sur- 
face? Are they at work now? What has the interior heat of tlie 
Earth efTected ? How is great internal heat of the Earth proven ? 
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The effects of heat have been both foi^mative and 
destructive. The formation of the first dry land, by 
the cooling of melted rocks, has already been de- 
scribed. New surface rocks have subsequently been 
formed by ejections of melted mineral matter from the 
interior, producing the igneous rocks before described. 

The modifying and destructive effects of heat are 
more important and noticeable in the structure of the 
earth's crust. The great mountain chains and the 
corresponding deep valleys, the folded and tilted strata 
with their great displacements and faults, have proba- 
bly been in great part produced by vast and mighty 
upheavals, caused by the expansion, by heat, of gase- 
ous matter (as water in the form of steam, &c.) within 
the interior of the earth. 

The change of sedimentary rocks to the condition 
of metara Orphic, was due to the direct action of this 
internal heat. 

II. Water That water has played an important 
part — much more important than any other agency — 
in the structure of the surface of the earth, is evident 
from the great proportion of the rocks which are sed- 
imentary or stratified in character. Water has been 
both formative and destructive in its action. The 

What two effects have resulted from heat? What has been already 
described? What were subsequently formed, and how? What 
are these rocks termed ? What and how are the modifying and 
destructive effects of heat seen ? What changed sedimentary rocks 
to Metamorphic? What part has water played in characterizing 
the Earth's surface? From what is this evident? What two ef- 
fects has the action of water exerted ? In what forms has water 
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chief forms in which water has exerted its power 
npon the rocks of the globe are, as rain-water, the 
water of rivers, lakes, and seas, and frozen water, 
or ice. 

The chief action of rain-water has been in the 
"weatherings^ of the rocks, beating them down, and, 
by its solvent action, disintegrating them and decom- 
posing their mineral constituents; thus destroying the 
massive rocks, but, at the same time, frequently form- 
ing beds of clay or fine sand. All the ^^soil'^ which 
covers the major part of the dry* land of the earth, 
has been formed by such a weathering of the hard 
rocks which underlie it. The action of rain-water in 
forming caves, &c., in limestone regions, has been 
already spoken of. 

Rivers and smaller streams of running water exert 
their power in eroding and washing away the rocks 
over which they flow. Denuded strata, extensive val- 
leys, river channels, gorges, canyons, &c., have been 
formed in this way. When the rocks over which a 
river flowed were of unequal hardness, the softest 
would be washed away first, leaving the others, thus 
producing striking featuies in the face of the country. 
The rivers also transport, or carry down with them 
in their course, the mineral matter which they have 

exerted its power? What has been the chief action of rain water? 
What effect has this had on the massive rocks? What have these 
materials formed at the same time? How has most of the soil of 
the earth been formed ? What other action of rain water has been 
noticed already ? How do rivers and smaller streams exert their 
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washed away from the rocks above. A portion of 
this they deposit in the valleys through which they 
flow, forming alluvial beds, thus bringing the material 
of the hills to fill the plains. A portion they carry 
to the seas or lakes into which they empty, where it 
forms, by the combined action of the waters, deltas 
and other sea-shore accumulations about the mouths 
of the rivers. 

The seas present water in its most powerful form 
for action upon the land. In this form it has had 
most influence in shaping the character of the earth's 
surface. These large bodies of water, beating — 
through the motions of powerful waves and cur- 
rents — upon the shores of the continents and bodies 
of land exposed to their action, break them down and 
gradually wear them away. The fine mineral matter 
thus gathered by the sea from the land is deposited at 
its bottom, usually near the land-shore, or thrown 
back towards the shore by the currents and waves, 
thus forming extensive beaches. In the case of shal- 
low seas sweeping over great surfaces of submerged 
continents, extensive beds of sedimentary rocks, 
formed of the mineral matter gathered by the seas 
from the dry land of their shores, have been deposited 
at their bottoms. The depths of the seas, and their 

power? What have thus been formed? Flowing over rocks of 
unequal hardness, what efiect would result? What do the rivers 
transport in their course ? What is done with this mineral matter? 
When carried to the seas, what are formed ? What do the seas 
present ? What great influence have the seas had ? How ? What 
ig deposited at the sea's bottom? Where, usually? Forming 



Elementary Geology of Tennessee. 115 

conditions of quietness or activity, influence the char- 
acter of these deposits. Shallow seas have also fur- 
nished the dwelling places for myriads of marine ani- 
mals, which, on their death, yielded shells and other 
parts of their structure to the waters, to be deposited 
by them in the form of beds. It is through the 
agency of such shallow bodies of water that the 
greater part of the stratified rocks have been formed. 

The waters of lakes, and inland bodies of water, 
have performed the same offices as the seas when they 
were large, and as the rivers when they were of small- 
er extent. 

Frozen water, or ice, has had its action upon the 
surface of the earth principally in two forms — as 
glaciers and icebergs. Glaciers are streams or rivers 
of frozen water, extending in long, narrow channels 
from the high regions of the snow-crowned mountains 
to the valleys and plains below. In their descent, 
these bodies of Ice follow the same general course as 
bodies of liquid water would pursue under the same 
circumstances ; they, In fact, flow, or pass slowly down 
their course, a part of the ice continually melting 
in the warm valleys below. Its place being supplied by 
constant additions from the snow regions above. The 

what? Doing what in shallow seas? What conditions have in- 
fluenced these deposits? What have shallow seas furnished? 
Througii what agency was stratified rock chiefly formed? In 
what cases have inland lakes done the same? In what forms has 
ice exerted its power? What are glaciers? Descending, what 
course do they follow ? How do they pass down their course ? By 

what process do they jiov) f How is the waste by melting supplied? 
G 
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glaciers erode and wear away the surfaces over which 
they pass. They carry the material they thus gather, 
together with such masses of rock and earth as may 
have fallen upon them from overhanging cliffs, to 
the valleys below. There they deposit it, on melt- 
ing. They thus transport the materials of the moun- 
tains to the plains. Icebergs are huge masses of 
ice which have become detached from such glaciers 
as empty their frozen waters into the sea. These 
masses, frequently of immense size, float on the bosom 
of the seas, and are transported by the currents to 
warmer regions, are melted, depositing their burdens 
of rock-material, gathered when they were part of the 
glacier, at the bottom of the seas. The action of 
frozen water is thus also both destructive and forma- 
tive. 

III. Life. The shallow seas of past geologic ages 
swarmed with animal life of various types and forms. 
These, in the course of their life and growth, secreted 
from the waters various mineral matters (chiefly cal- 
careous and silicons) washed by the sea from the land, 
and used them in the formation of their shells, bones, 
and other stony parts. As the animals died, their 
skeletons sank to the bottom of the sea, and formed, 
in the course of time, of their great number, beds of 

How do glaciers act on Burfaces? How and where do tliey deposit 
rocks and earth ? What do they transport to the plains ? What 
are icebergs? Are they large? Where and how are they carried? 
When they melt, what do they deposit? What double action has 
frozen water, thus? What is said of life in early shallow seas? 
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rocky material. The waters, beating upon this 
material, first ground it to a fine powder, in most 
cases, then aggregated it, and finally, by pressure, 
consolidated it into a bed of true sedimentary rock. 

The animals chiefly concerned in this secretion- 
process were Mollusks, Radiates, and Rhizopods, 
forming calcareous rocks, and Diatoms and Proto- 
zoans yielding silicious material. By far the greatest 
number of rocks formed in this manner are calcareous. 
Probably all the varieties of sedimentary limestones 
are of this origin. 

Plant-life has also contributed its share to the for- 
mation of the rocks. At certain periods of geologic 
time, plants have grown in great luxuriance and to 
great size, forming extensive and dense forests and 
thickets. As the plants died, their trunks and frames 
decayed and crumbled to the earth. There came to 
be formed, therefore, in many places, immense beds, 
or deposits, of decaying vegetable matter. Such de- 
posits are now frequently seen, in a primitive condi- 
tion in marshy localities, and in a more advanced 
state, forming beds of peat. As the decay continued, 
and the beds increased in thickness, great pressure 
was brought to bear upon them, probably by their 

What did these types of life do? What happened as these animals 
died ? How did the waters, beating on these skeletons, affect them? 
Into what was this matter consolidated? What animals were 
chiefly concerned in this process? What kinds of rocks are thus 
formed? What agency has plant-life exerted? What is said of 
plant-luxuriance? What became of dead plants? What thence 
were formed ? W^here are such formations now to be found ? How 
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subsidence beneath the waters of some inland sea, and 
the subsequent deposits upon them of other rock ma- 
terial. This pressure consolidated the decayed, woody 
matter, and formed stratified beds of the various kinds 
of mineral coal. 

It appears evident that, during the operations of 
the agencies above described, there was going on, in 
addition to the occasional sudden and violent upheav- 
als of the earth's crust already mentioned, a slow aud 
gentle oscillation of the crust — subsiding in some places 
and elevating in others — which continually presented 
new conditions for the exercise of these agencies. 
Such a gentle oscillation is going on at the present 
time. 

This continuous and persistent motion in the crust 
of the earth — slowly sinking the bottoms of the seas 
at some points, and raising the surface of the dry 
land at others, thus producing changes in the features 
of the surface at different periods of time — has played 
a very important part in influencing and modifying 
the actions of the agencies described above, and in 
giving to the surface of the earth its rocks and physi- 
cal features. 

in a more advanced state? How was great pressure brought to 
bear on them ? What effect had this pressure ? What was going 
on during this process? What in addition thereto? Was this 
uniform in all places? What is going on at the present time? 
What has this persistent motion done? What important part has 
it played? What has it given to the earth *s surface? 



From Hunter Nicholson, 

Professor of History and Geology in the University of Tennessee. 

(extract.) 

Knoxyille, Tenn., May 20, 1881. 

Professcyr W. G. McAdoo. 

Dear Sir: I heartily approve of every step that 
tends to the introduction of scientific studies into the 
public schools ; and I regard with especial favor the 
effort to introduce a knowledge of the elementary 
princi2)les and facts of geology among the require- 
ments of these schools. The chief obstacle hitherto 
has been the want of a textbook suflSciently simple 
to meet the capacities of the average public-school at- 
tendants. Such a book, it seems to me, you have suc- 
ceeded in making. I sincerely hope it may find its 
way into the hands of every public-school teacher and 
pupil in the State. 
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